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PREFACE

The Federal Radiation Council (FRC) was formed in 1959 to provide recommendations to the
President for Federal policy on radiation matters affecting health. The first Federal radiation
protcétion guidance was promulgated shortly thereafter, on May 13, 1960, and set forth basic
principles for protection of both workers and members of the general population. Over the ensuing
decade the FRC issued additional guidance on a number of radiation protection matters, but the
general guidance issued in 1960 remained essentially unchanged.

The Council was sbolished in 1970 and its functions transfered to the Administrator of the
newly formed Environmental Protection Agency (EPA). In 1974 EPA initiated a review of the part
of Federal guidance that then applied to occupational exposure. Two early components of this
review were a re-evaluation by the National Academy of Sciences of risks from low levels of
radiation (NAS 1980) and an analysis by EPA of the occupational exposures of U.S. workers (EPA
1980). These were completed and published in July and November of 1980, respectively. -

In January of 1981 EPA published proposed recommendations for new Federal guidance for
occupational exposure. Federal Guidance Report No. 10, issued in 1984, continued the process by
presenting new numerical values for derived quantities (i.c., concentrations of radioactivity in air
and water) that were obtained employing contemporary metabolic and dosimetric models, but which
corresponded to the limiting annual doses recommended for workers in 1960. The values given in
Report No. 10 were not implemented by Federal agencies, however, because of the anticipated

adoption of new Federal guidance.

On January 20, 1987, the President approved recommendations by the Administrator of EPA
for the new “Radiation Protection Guidance to Federal Agencies for Occupational Exposure.” This
guidance, which is consistent with (but in several ways is an extension of) current recommendations
of the International Commission on Radiological Protection (ICRP), constituted a major revision of
those parts of the 1960 guidance that pertained to the protection of workers.

This Federal Guidance Report No. 11, which supercedes Report No. 10, presents values for
derived guides that make use of contemporary metabolic modeling and dosimetric methods and that

are based upon the limits on committed dose equivalent stipulated in Recommendation 4 of the
1987 guidance. The Annual Limits on Intake (ALIs) and Derived Air Concentrations (DACs)
tabulated herein are numerically identical, in most cases, to those recommended by the ICRP in.
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their Publication 30. Exceptions include values for plutonium and related elements, which are
based upon information presented in ICRP Publication 48, and a few radionuclides not considered
in Publication 30, for which nuclear decay data were presented in ICRP Publication 38. We plan
" to publish future editions of this Report on 2 regular basis to reflect improved information, as it
becomes available and is accepted by the radiation protection community.

These new derived guides will be implemented by the various Federal agencies having
regulatory responsibilities for workers in the public sector, such as the Nuclear Regulatory
Commission and the Occupational Safety and Health Administration, and by Federal agencies with
responsibilities for their own workers, such as the Department of Energy and the Department of
Defense. Federal agencies are encouraged to reference the tables in this and future editions of this
Federal Guidance Report in their regulations so as t6 assure a uniform and continuing application

of the 1987 Federal guidance.

Recommendation 4 of the 1987 guidance is concerned not only with prospective control of the
workplace through limitation of committed dose, but also with circumstances in which the
conditions for control of intake have not been met for an individual worker. The present document
addresses only the first of these issues; the difficult and controversial problem of future
management of the over-exposed worker is not considered here. That remains primarily the
responsibility of the on-site health physicist, who must account for the physical characteristics of

the over-exposed individual and the unique conditions at the site.

Also tabulated in this Report are coefficients for conversion of exposure to committed effective
dose equivalent, and to committed dose equivalent for individual organs. These are intended for
general use in assessing average individual committed doses in any population that can be
characterized adequately by Reference Man (ICRP 1975). -

We gratefully acknowledge the thoughtful comments of Marvin Goldman, Roscoe M. Hall, Jr.,
Ronald L. Kathren, DeVaughn R. Nelson, John W. Poston, Sr., Jerome S. Puskin, Kenneth W.
Skrable, J. Newell Stannard, Roy C. Thompson, Carl G. Welty, Jr., and Edward J. Vallario. Parts
of Report No. 11 have been clarified and strengthened through their efforts. Its final form,
however, is the sole responsibility of the Office of Radiation Pragrams. We would appreciate
being informed of any remaining errors, so_that they can be corrected in future editions.
Comments should be addressed to Allan C.B. Richardson, Chief, Guides and Criteria Branch, '
ANR-460, U.S. Environmental Protection Agency, Washington, DC 20460.

Jolot f Aond

Richard J. Guimond, Director
Office of Radiation Programs (ANR-458)



1. INTRODUCTION

Radiation protection programs for workers are based, in the United States, on a hierarchy of
limitations stemming from Federal guidance approved by the President. This guidance, which
consists of principles, policies, and numerical primary guides, is used by Federal agencies as the
basis for developing and implementing their own regulatory- standards.

© The primary guides are usually expressed in terms of limiting doses to workers. The protection
of workers against taking radioactive materials into the body, however, is accomplished largely
through the use of regulations based on derived guides expressed in terms of quantities or
concentrations of radionuclides. The values of these derived guides are chosen so as to assure that
workers in work environments that conform to them are unlikely to reccive radiation doses that

exceed the primary guides.

The purpose of the present Report is to set forth derived guides that are consistent with current
Federal radiation protection guidance. They are intended to serve as the basis for regulations
setting upper bounds on the inhalation and ingestion of, and submersion in, radioactive materials in
the workplace. The Report also includes tables of exposure-to-dose conversion factors, for general
use in assessing average individual committed doses in any population that is adequately
characterized by Reference Man (ICRP 1975).

Previous Guidance and Derived Guides

In 1960 President Eisenhower, acting on recommendations of the former Federal Radiation
Council (FRC), established the first Federal radiation protection guidance for the United States
(FRC 1960). That guidance was strongly influenced by and generally consistent with
contemporary recommendations of the International Commission on Radiological Protection
(ICRP) and the U.S. National Council on Radiation Protection and Measurements (NCRP). The
primary guides included limits of 3 rem per quarter (and 5(N-18) rem cumulative, where N is the
age of the worker) to the whole body, active blood-forming organs, and gonads; annual limits of
30 rem to thyroid and 15 rem to other organs; and a limiting body burden of 0.1 microgram of
radium-226 or its equivalent for bone seeking radionuclides.

Although the FRC recognized the importance of protection against taking radioactive
materials into the body, it did not publish numerical values for derived guides as part of its
guidance. Rather, it endorsed the values in use by government agencies at that time. Those values
were contained in National Bureau of Standards Handbook No.69 (NBS 1959) (later re-issued as
NCRP Report No. 22 (NCRP 1959)), which was an abridgment of Publication 2* of the ICRP

*Revised and additional values appeared in ICRP Publication 6 (ICRP 1964).




(ICRP 1959). These reports also formed the basis for the well-known tables issued by the Atomic
Energy Commission (Appendix B of 10 CFR 20), which still constitute a basic element of the
regulations of its successor, the Nuclear Regulatory Commissipn.

Over the intervening years, substantial advances have been made in the dosimetric and
metabolic models employed to calculate derived guidﬁ.i Federal Guidance Report No. 10 (EPA
1984a) presented revised values for derived guides that were based on the 1960 primary guides for
workers (FRC 1960) but that were obtained employing up-to-date dosimetric and metabolic models.
These new models yiclded a number of values significantly different from thosc in ICRP
Publications 2 and 6. The values in Federal Guidance Report No. 10 were not implemented by
Federal agencies, however, due to the expectation of imminent approval of new Federal guidance.

Current Guidance and Derived Guides

The FRC was abolished in 1970, through Reorganization Plan No. 3, and its functions
transferred to the Administrator of the newly formed Environmental Protection Agency (EPA).

The Federal guidance for occupational radiation protection now in effect in the United States
" consists of recommendations by the Administrator of EPA approved by the President on January
20, 1987 (EPA 1987). This new guidance sets forth general principles for the radiation protection
of workers and specifies the numerical primary guides for limiting occupational exposure. It is
consistent with, but an extension of, recent recommendations of the ICRP (ICRP 1977).° It applies
to all workers who arc exposed to radiation in the course of their work, either as employees of
institutions and companies subject to Federal regulation or as Federal employees. It is estimated
that, in 1985, there were 1.6 million such workers (EPA 1984b). -

The complete texts of the guidance issued in 1987 and in 1960 are reproduced in Appendices
A and B of this Report. Major changes introduced in 1987 were:

e The ALARA principle, which requires that doses be maintained ‘as low as reasonably
achievable,’ was clevated to the level of a fundamental requirement, and it now forms
an integral part of the basic protection framework.

e Protection against stochastic effects on health is based upon limitation of the weighted
sum of dose equivalents to all irradiated tissues (the effective dose equivalent'). rather
than upon the “critical organ” approach of the 1960 guidance, which limited dosc to
cach organ or tissue scparately. Additional organ-specific limits are provided to protect
against non-stochastic effects. h

e The maximum occupational radiation dose normally allowed a worker was reduced from
the previously permitted 3 rem per quarter (dose equivalent to the whole body) to 5 rem
in a year (effective dose equivalent). The 5(N-18) limitation on cumulative dose
equivalent has been deleted.

*Recommendations of the NCRP in their Report No. 91 (NCRP 1987b), in turn, are
consistent with the Federal guidance.

tEffective dose equivalent, stochastic health effects, and other such entities are defined and
discussed in Chapter II, Appendix C, and the Glossary.



o Maximum work-related dose equivalens to the unborn is limited to 0.5 rem during the
‘gestation period. It is also recommended that exposure rates be maintained below the
uniform monthly rate that would satisfy this limiting value.

o The establishment of administrative control levels below the limiting values is
encouraged. Since such administrative control levels often involve ALARA
considerations, they may be developed for specific categories of workers or work
situations. Agencies should also encourage establishment of measures for assessing the
effectiveness of, and for supervising, ALARA efforts.

e Recordkeeping, including cumulative (lifetime) doses. and education of workers on
radiation risks and protection principles are specifically recommended for the first time.

e Control of internal exposure to radionuclides is based upon limitation of the sum of
current and future doses from annual intake (i.e.. the committed effective dose
equivalent) rather than of annual dose. If it is found that limits on committed dose
have been exceeded for an individual ‘worker, then corrective action is required to re-
establish control of the workplace and to manage future exposure of the worker. With
respect to the latter requirement, provision should be made to monitor the annual dose
received from radionuclides in the body as long as it remains significant.

This Report is concerned, in particular, with two types of derived guides that may be employed
in the control of internal exposure to radionuclides in the workplace: the Annual Limit on Intake
(ALI) and the Derived Air Concentration (DAC). An ALI is that annual intake of a radionuclide
which would result in a radiation dose to Reference Man (ICRP 1975) equal to the relevant
primary guide (i.c., to the limiting value of committed dose). A DAC is that concentration of a
radionuclide in air which, if breathed for a work-year, would result in an intake corresponding to its
ALI (or, in the case of submersion, to an external exposure corresponding to the primary guidc'for
limiting annual dose). DACs are thus used for limiting radionuclide intake through breathing of,
or submersion in, contaminated air. ALls are used primarily for assessing doses due to accidental

ingestion of radionuclides. Values of ALIs for ingestion and inhalation and of DACs are presented
in Table 1 for radionuclides of interest in radiation protection.

These ALIs and DACs are based upon calculations originally carried out for the ICRP. Inits
Publication 30 (ICRP 1979a, 1979b, 1980, 1981a, 1981c, 1982a, 1982b), the ICRP issued revised
derived limits which conform to its recommendations in Publication 26 (ICRP 1977). The derived
limits in Publication 30 (which superseded those presented in ICRP Publications 2 and 6)
incorporate the considerable advances in the state of knowledge of radionuclide dosimetry and
biological transport in humans achieved in the past few decades. They also reflect the transition
from limitation of dose to the critical organ to limitation of the weighted sum of doses to all organs.
The relationship of the new to earlier derived guides is summarized in Fig. 1.

The ALI and DAC values tabulated in this first edition of Federal Guidance Report No. 11
are identical to those of ICRP 30, except for the isotopes of Np, Pu, Am, Cm, Bk, Cf, Es, Fm, and
Md. For these, new values have been computed using the more recent metabolic information in
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II. THE RADIATION PROTECTION GUIDES

Federal radiation protection guidance sets forth a dose limitation system which is based on
three principles. These are:

Justification - There should not be any occupational exposure of workers to ionizing
radiation without the expectation of an overall benefit from the activity causing the

exposure;

Optimization - A sustained effort should be made to ensure that collective doses, as well
as annual, committed, and cumulative lifetime individual doses, are maintained as low as
reasonably achievable (ALARA), economic and social factors being taken into account;

and

Limitation - Radiation doses received as a result of occupational exposure should not
exceed specified limiting values.

Although they have been expressed in a variety of ways, thesc principles have guided the
radiation protection activities of Federal agencies since 1960. This Report docs not address the first
two of them—it is concerned with the third, the limiting values for occupational exposure, which
are specified by the primary guides. We shall discuss first the primary guides for limiting doses to
workers and then the derived guides (in terms of quantities and concentrations) for control of
exposure to radionuclides in the workplace.

PRIMARY GUIDES

For the purpose of specifying primary guides for radiation protection, health effects are
separated into two categories—stochastic and non-stochastic.

Cancer and genetic disorders are classified as stochastic health effects. It is assumed that they
are initiated by random ionization events and that the risk of incurring cither is proportional,
without threshold, to the dose in the relevant tissue. It is also assumed that the severity of any
stochastic health effect is independent of the dose.

For a non-stochastic effect, by comparison, there appears to be an effective threshold below
which clinically observable effects do not occur, and the degree of damage observed usually depends
on the magnitude of the dose in excess of this effective threshold. Examples of non-stochastic
effects include acute radiation syndrome, opacification of the lens of the eye, erythema of the skin,
and temporary impairment of fertility. (All of these effects are observed at doses much higher than
those incurred normally in the workplace).
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The objective of the dose limitation system is both to minimize the risk of stochastic effects
and to prevent the occurrence of non-stochastic effects. ~ The primary guides are boundary
conditions for this system. The principles of justification and optimization serve to ensure that
unnecessary doses are avoided and that doses to most workers remain significantly below the
limiting values specified by the primary guides. '

With respect to stochastic effects, the dose limitation system has been designed with the intent
that the level of risk associated with the limit be independent of whether irradiation of the body is
uniform or non-uniform. The critical-organ approach of previous guidance (FRC 1960) is replaced
with the method introduced by the ICRP (ICRP 1977), which utilizes a weighted sum of doses to
all irradiated organs and tissues. This sum, called the «effective dose equivalent” and designated
Hg, is defined as ’
‘ Hs"?“"rl‘it- Y

where wy is a weighting factor and Hry is the mean dose equivalent to organ or tissue T. The factor

wr, normalized so that 3 wy = 1, corresponds to the fractional contribution of organ or tissue T
T

to the total risk of stochastic effects when the entire body is uniformly irradiated.* Hg thus reflects
both the distribution of dose among the various organs and tissues of the body and their assumed
relative sensitivities to stochastic effects. The primary guide for assessed dose to individu-~ adult
workers, for the purpose of protection against stochastic effects, is 5 rem (50 mSv) effective dose
equivalent in a year (Recommendation 3, Appendix A).

Weighting Factors
Organ/tissue wr
Gonads 0.25
Breast 0.15
Red Marrow 0.12
Lungs 0.12
Thyroid 0.03
Bone Surface 0.03
Remainder’ 0.30

Additional primary guides for assessed dose to individual adult workers have been established
for the purpose of protection against non-stochastic effects. These guides, chosen below the
assumed threshold levels for such effects, are 15 rem (150 mSv) dose equivalent in a year to the
lens of the eye and 50 rem (500 mSv) to any other organ, tissue (including skin), or extremity of
the body.

*For the hypothetical case of uniform irradiation, Hg is commonly referred to as the ‘whole
body dose’.

1A value of wr = 0.06 is applicable to each of the five remaining organs or tissues (such as
liver, kidneys, spleen, brain, small intestine, upper large intestine, lower large intestine, etc., but
excluding skin, lens of the eye, and the extremities) receiving the highest doses.



The primary guides for annual assessed dose may be summarized as:

Hg € Srem (50 mSv) (2a)

for stochastic effects;
"Hy € 50 rem (500 mSv) . (2b)

for all organs and tissues, except the lens of the eye; and

Hy < 15rem (150 mSv) (2¢)

for the lens of the eye.

Primary Guides for Control of Intake of Radionuciudes in the Workplace

Radionuclides enter the body through inhalation and, normally to a lesser extent, through
ingestion; The principal method of -controlling internal exposure to radionuclides is to contain
radioactive materials so as to avoid any such intake. For situations where this is not achievable, the
guidance (Recommendation 4, Appendix A) specifies primary guides for control of the workplace.

The intake of certain long-lived radionuclides may result in the continuous deposition of dose
in tissues far into the future. The primary guides for control of the workplace are therefore
expressed in terms of the sum of all doses projected to be received in the future from an intake in
the current year. This sum, by convention taken over the 50-year period following intake.® is
known as the “committed” dose. The committed effective dose equivalent, Heso, is defined by
analogy to equation (1) as ‘

Hw'?“'r“uo- (3)

The committed dose equivalent to tissuc or organ T, denoted Hrso, is the total dose equivalent
deposited in T over the 50-year period following intake of the radionuclide. For radionuclides that
arc present in the body for weeks or less, because of either short physical half-life or rapid
Dbiological elimination, the committed dose equivalent may be regarded as a single contribution to
the annual dose equivalent. For very long-lived radionuclides that remain within the body
indefinitely, the dose equivalent may accumulate at a nearly constant ratc over the entire balance of
a worker's lifetime.

To limit the risk of stochastic effects, the primary guides for control of the workplace specify
that the committed effective dose equivalents from the intake of all radionuclides in a given year,
Hg s, plus the effective dose equivalent from any external exposure in that year, HE e, should not
exceed 5 rem (50 mSv), i.e.:

Heso + Hpen S 516M . (4a)

*50 years reflects the arbitrarily-assumed remaining lifetime of a worker, rather than the
maximum span of employment.
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And to prevent the occurance of non-stochastic effects, the committed dose cquivalent, Hyso, to a0y
organ or tissue T from the intake of radionuclides in a given year plus the dose equivalent, Hyen
from external exposure in that year should not exceed 50 rem, i.c.:

HT.SO + HT.ul < 50_rem . (4b)

The non-stochastic limit permits a much higher committed dose in most individual organs than
does the stochastic limit, under pormal conditions of irradiation, but it is nonetheless the factor that
determines the annual limit on intake for a number of radionuclides. This is the case typically for
radionuclides that seck organs or tissues of relatively low sensitivity to stochastic effects. The
actinides go to bone and irradiate bone marrow and surface endosteal cells, for example, and iodine
concentrates in the thyroid. For such radionuclides the limitation system reduces to the formerly
used critical organ approach, but with a 50 rem committed organ dose limit.

The primary guides for committed effective dose equivalent (and committed dose equivalents to
individual organs and tissues) provide the basis for limitation of internal exposure 10 radioactive
materials in the workplace.* They will normally be implemented through the design, operation, and
monitoring of the workplace. When the primary guides for control of intake of radioactive
materials have been satisfied, moreover, it is not necessary to assess contributions from such intakes
to annual doses in future years. That is, for the purpose of determining compliance with the
primary guide for assessed dosc to individuals (Recommendation 3), the guidance provides that
such doses may be assigned to the year of intake.

Recommendation 4 of the guidance also addresses the situation in which determination of the
actual intake for an individual worker shows that the primary guides for control of intake have not
been met. In that case, appropriate corrective action should be taken to assure that control is
reestablished, and that future exposure of the worker is appropriately managed. In particuiar,
provision should be made to assess annual effective dose equivalent (and dose equivalents to organs)
due to radionuclides retained in the body from this intake (NCRP 1987a; NRC 1987), and to
manage exposure of the worker so as to insure conformance in future years with the primary guides
for assessed dose. The present Report is concerned with the prevention of such circumstances
through the use of derived guides, however, and the difficult and controversial problem of the over-
exposed worker will not be considered further here. But it is important to note the distinction made
between the roles played by the effective dose equivalent committed in a year and by the annual
effective dose equivalent.

*The use of committed (effective) dose equivaient in determining the derived guides for
workers represents a significant philosophical (but not numerical) change. Previous guidance for
protection from inhalation or ingestion of radionuclides was expressed in terms of the ‘limiting
ahnual intake'-the amount which, if taken in annually for 50 years, would result in a dose rate in
the SOth year equal to the primary guide. Committed dose, by contrast, makes no assumption
about future intake, but does account for the dose in the future arising from intake in the current

ear.
d Conversion from limitation of ‘limiting annual intake’ to limitation of committed dose
equivalent has no effect on the numerical values of the derived guides. It can be shown that the
committed dose to an organ over the 50-year period following a single intake of a radionuclide is
numerically equal to the annual dose rate attained after 50 years of intake of that same activity
each year.



Radon and its Decay Products

The primary guides are usually specified in terms of dose. In the case of exposure to the decay
products of radon and thoron, however, dose is particularly difficult to calculate. For this reason, in
1967 the FRC recommended a separate guide for radon, expressed in terms of exposure o its decay
products. rather than dose (FRC 1967). This guide, which was developed for usc in regulating the
exposure of underground uranium miners, has gradually gained application to other workers as well.
It has been reviewed periodically by the FRC and EPA (FRC 1969, 1970; EPA 1971a, 1971b). In
1969, the previous 12 Working Level Month (WLM) guide for the annual exposure to the short-
lived decay products of 2°Rn was reduced, for a trial period, to 4 WLM. In 1971, EPA found that
there was no adequate basis for less stringent protection, and recommended that the 4 WLM guide

be retained.

The ICRP recently reviewed the epidemiological and dosimetric data for the two radon
iisotopes of concern in uranium mining. It recommended exposurc guidance for Z2Rn that is
comparable to the 4 WLM primary guide used in the United States. It also concluded that the risk
from inhalation of the short-lived decay products of 2%Rn is about one-third that associated with
2pn decay products (ICRP 1981b). Although specific Federal guidance does not exist for the
decay products of 2R the ICRP recommendation provides a basis for establishing, through
comparison with the primary guide for 2Ry a guide of 12 WLM for #°Rn.

The primary guides for radon isotopes and their short-lived decay products used in this report
are given in the table below. There are no derived guides for radon.

Primary Guides for Radon and its Decay Products

Radon Isotope Exposure (WLM)
Rn-222 4
Rn-220 12

DERIVED GUIDES

An Annual Limit on Intake (ALI) is defined as that activity of a radionuclide which, if
inhaled or ingested by Reference Man (ICRP 1975), will result in a dose equal to the most limiting
primary guide for committed dose.®* The ALI for a particular radionuclide is, therefore, the largest
value of annual intake, I, that satisfies the following constraints:

Thesp<Srem, (5a)

Ihrs<50rem, forallT, . (5b)

sFor some nuclides of very low specific activity, the mass associated with an ALI is large. For
example, the ALI for inhalation of 5[ in class D chemical form is § x 10* Bq (1 xCi),
corresponding to a mass of 650 kg. In such cases, an intake in excess of the ALI clearly is not

possible.
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where the tissue dose equivalent conversion factor, hys is the committed dose equivalent to organ
or tissue T per unit of activity of the radionuclide taken in by the specified route, and the effective
dose equivalent conversion factor, hg so, is-the committed ‘effective dose equivalent per unit of

activity. |
A Derived Air Concentration (DAC) is defined as that concentration of radionuclide in air

which, if breathed by Reference Man (ICRP 1975) for a work-year, would result in the intake of
one ALIL That is, the concentration of a radionuclide in air is limited by

fCBAat<ALL, ()

where C(t) is the concentration of the radionuclide in air at time t, B is the volume of air breathed
by a worker per unit time, and the integration is carried out over a 2000 hour work-year. For the
special case of constant air concentration, the DAC is related to the ALI through

DAC (Bq/m®) = ALI(Bq) / 2.4 x 10°(m®) . )

based on a normal breathing rate B of 0.020 m*/min. There are no derived guides for
instantaneous or short-term values of C(t).

Some airborne radionuclides, in particular the noble gases, arc not metabolized to an
appreciable extent by the body. The methodology for calculating derived guides for these materials
is based on consideration of the external dose, including dose to the lung, due to submersion in air
containing the radionuclide. Submersion dose can also be the only significant exposure pathway for
other airborne radionuclides of short half-life (i.c., a day or less) (ICRP 1984). For such situations,
the DAC may be derived directly from the primary guides. Let Rg . denote the hourly dose
equivalent rate from external exposure per unit concentration of airborne radionuclide. The annual
average airborne concentration C must satisfy the constraints: -

2000 hg ¢ C < 5rem, (82)
2000 hg ey C < 50rem, except iens, and (8b)
2000 by ey C < 15rem,  lens, ' ‘ (8¢c)

where hgeq ™ 2 VT hyen. There are 2000 hours in a work-year, and the subscripts E and T are
T

used as before. When air concentration is limited by submersion dose, the DAC is the maximum
value of C that satisfies the above inequalities.

If 2 worker is exposed to external sources and to more than one radionuclide, or to intake of a
radionuclide by more than one route, the allowed exposure to each must be scaled appropriately to
ensure that the primary guides are not exceeded:

Heen + 2 2 lic h{rfso <Srem, and (9a)
. T
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Hren+ 2 zk;l,-; M & 50rem . (9b)
}

Ij; refers to the annual intake of the j-th radionucfidc by the k-th route (ingestion or inhalation).

‘Numerical values of the derived guides

Numerical values of the derived guides for ingestion (ALIs) and for inhalation (ALIs and
DACs) are given in Table 1, both in SI units (MBq and MBq/m’, respectively) and in conventional
units (uCi and uCifem?). ALls and DACs for the same radionuclide and chemical form are
presented in the two sets of units in separate sub-tables on facing pages. Table l.a, on the even
numbered pages to the reader’s left, contains the derived guides in SI units: Table 1.b, to the right,
contains the ALIs and DACs for the same nuclides, expressed in conventional units.

Brief descriptions of the general features of the metabolic and dosimetric models employed are
given in Chapter Il and Appendix C. The values of the derived guides depend, in part, upon the
chemical form of the radionuclide. Information on the classification of chemical compounds for
lung clearance and on fractional absorption from the gastrointestinal tract is presented in Table 3.

Many factors affect the actual doses to individual werkers, as opposed to those calculated here
for Reference Man. Age, sex, physiology, and behavior all may influence the uptake and retention
of radionuclides. The application of the numbers in Tables 1 and 2 to situations other than normal
occupational exposure (¢.g., accidental over-exposure, Or €xposurc of the general public) requires
careful consideration of the possible effects of these factors.

The derived guides in this Report relate solely to radiation doses and do not reflect chemical
toxicity. The chemical effects of some materials, such as certain compounds of uranium or
beryllium, may present risks significantly greater than those from irra'diation.. The chemical
toxicity of radioactive contaminants in the workplace should therefore be examined also as part of a
broad industrial radiation protection program. The recommendations of the American Conference
of Governmental Industrial Hygienists (ACGIH) should be consulted for additional guidance in
limiting the airborne concentration of chemical substances in the workplace (ACGIH, 1986).

Minors and the Unborn

The occupational exposure of individuals under the age of ecighteen is limited by
Recommendation 5. of the 1987 Federal guidance to one tenth of the values specified in
Recommendations 3 and 4 for adult workers. The ALls and DACs for these individuals are
therefore one tenth the corresponding values for adults. While this course of action will not
necessarily reduce the dose to workers under the age of eighteen by exactly a factor of ten, because
of age dependent factors. it should suffice for regulatory purposes until more precise metabolic and
dosimetric modeling is available.

The situation for pregnant workers is even less straightforward. Under Recommendation 6, the
dose equivalent to an unborn as a result of occupational exposure of a woman who has declared
that she is pregnant should not exceed 0.5 rem during the entire gestation period. While it is
possible to estimate external dose to the fetus, including gamma irradiation due to submersion, the

t
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state of knowledge of the transfer of radionuclides from the mother to the unborn is incomplete. It
is therefore advised that the prudent course of action laid out in the preamble of the guidance (page
2828) be followed—i.c.. institute measures to avoid such intakes by pregnant women—until such

. information becomes available.

Tissue and Effective Dose Equivalent Conversion Factors

As indicated in equations 5. 8. and 9, the ALIls and DACs for any radionuclide and route of
intake are determined by the jimitation of non-stochastic and stochastic effects imposed by the
primary guides. In many situations it is useful to know the committed dose equivalent to an organ
or tissuc per unit intake (independent of the occupational dose limitations), or the committed
cffective dose equivalent per unit intake. For each radionuclide. values for the organ dose
equivalent conversion factors, hr.so. and the effective dose equivalent conversion factor. hg so (based
_on the weighting factors set forth by the ICRP (1977) and in the 1987 Federal guidance), are listed
in Table 2.1 for inhalation, and in Table 2.2 for ingestion. The values for Rgen and Byex for
submersion are presented in Table 2.3. The conversion factor upon which the ALl or DAC
depends is indicated by bold-faced type. Note that when the ALl is based on the nonstochistic
limit for an organ or tissue, the conversion factor for that organ will be at least ten times greater
than hgso (or heso)- These dose conversion factors may be used to calculate committed doses in any
population that is characterized adequately by Reference Man (ICRP 1975).



[II. CHANGES IN THE MODELS FOR DERIVED GUIDES

Significant improvements have been made in metabolic modeling and physiological data since
the issuance of ICRP Publications 2 and 6. The most important of thesc have been in the model
for translocation of inhaled materials from the lung and in the dosimetric model for tissues of the
skeleton. The nature of these changes and their effects on the derived guides are briefly reviewed
below and in Appendix C. Full details of the computational models, procedures, and data used o
calculate the relationship between quantity or concentration of radionuclides and dose are presented
in ICRP Publication 30, parts of which are reprinted in NCRP Report No. 84 (NCRP 1985).

TRANSFER OF INHALED MATERIAL FROM THE LUNG

The Respiratory Tract Model of ICRP 2

A simple model of the lung was used in ICRP Publication 2 to describe the translocation and
retention of material by the body after inhalation. It was assumed that 25% of inhaled activity was
exhaled and that 25% was deposited in the lower respiratory tract. The remaining 50% was
deposited in the upper respiratory tract, subsequently cleared by means of the mucociliary
mechanism, and swallowed. What happened then depended on whether the inhaled material was
classified as soluble or insoluble.

Any soluble material deposited in the lower respiratory tract was assumed to be transferred
directly to blood. Of the activity cleared from the upper respiratory tract and swallowed. a fraction
f, entered the blood-stream via the gastro-intestinal (GI) tract. Thus (0.25 + 0.50 f;) of the
inhaled radionuclide was transferred to blood. A fraction fy' of the activity in the blood passed to
the critical organ, yielding a final fraction

£, = (0.25+0.5f,)fy’ (10)

of the inhaled material that was transferred to the critical organ. Dose to the lung was ignored for
soluble radionuclides. :

It was assumed that radionuclides entering blood were delivered instantaneously to organs and
that retention in an organ could be characterized by a single biological half-life. Although this
approximation was known to represent the behavior of many radionuclides poorly, it was adopted
for calculational convenience. To provide an element of conservatism, the longest half-life of any
observed multi-exponential retention was used in the calculations.

13
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The transfer of insoluble materials to blood was considered to be negligible, and the guides for
these substances were based on direct irradiation of the lungs or of some segment of the GI tract.
Half the activity deposited in the lower respiratory tract was assumed to be quickly cleared and
swallowed, and the other half eliminated from it exponent'ially over time: an elimination biological
half-life of 120 days was assigned to all insoluble compounds except those of plutonium and
thorium, for which the values 1 and 4 years, respectively, were used.

The GI tract was represented as a series of four segments: the stomach, the small intestine, the
upper large intestine, and the lower large intestine. The material reaching the stomach (after
ingestion or after inhalation and clearance from the respiratory system) was assumed to reside there
for 1 hour, after which it moved on to the small and large intestine. The dose to the wall of each

intestine segment was calculated at the entrance to the segment.

The Respiratory Tract Model of ICRP 30

The dosimetric analysis of Publication 30 employs a more refined model of the deposition in
and clearance from the respiratory tract of inhaled aerosols (ICRP 1966). Deposition of an
airborne particulate form of radionuclide in the naso-pharyngeal, tracheo-bronchial, and pulmonary
regions of the respiratory system is treated as a function of the AMAD* of the acrosol. Tabulated
values of the derived guides are based on the assumption that.the diameters of aerosol particles are
distributed log-normally, with an AMAD of 1 um. (Derived guides for other AMAD values can be
computed from information in ICRP Publication 30.) Transfer of the deposited activity to the GI
tract, lymphatic system, and blood is described by a set of coupled linear differential equations.
Material deposited in any organ, including the lung, is assumed to be eliminated without
redeposition in others. Clearance from the lung directly to blood or to the GI tract depends on the
chemical form of the radionuclide (see Table 3), and is classified as D, W, and Y, respectively, for
clearance times on the order of days, weeks, and years. The absorption of material from the Gl
tract into the body fluids, generally taken to occur within the small intestine, is parameterized by
f,. ..

The clearance kinetics of the Publication 30 model account for loss of material through
radioactive decay. For radionuclides that form radioactive decay products, it is assumed that only
the parent nuclide was inhaled. The calculated committed dose equivalent, however, does include
the contribution from ingrowth of decay products over the period following intake. -For simplicity,
these decay products are assumed all to exhibit the same chemical characteristics as their parent

nuclides.

Transit times through the segments of the GI tract and the masses of their walls and contents
" are as described in ICRP Publication 23 (ICRP 1975). The transport of material through the GI
tract assumes exponential clearance from the segments. The dose to cach segment of the tract is
computed as an average over the mass of the wall of that segment.

The reader is referred to the report of the Task Group on Lung Dynamics (ICRP 1966) and
subsequent ICRP publications (ICRP 1972, 1979a) for further details.

*The Activity Median Acrodynamic Diameter (AMAD) is the diameter of a unit density
sphere with the same terminal settling velocity in air as that of an acrosol particle whose activity is
the median for the entire acrosol.



Comparison of Respiratory Tract Models

For the purpose of .comparisoh. the fractional transfer of inhaled long-lived radionuclides to
blood in the model of Publication 30 can be expressed in a manner analogous to that of

Publication 2:

Fractional transfer of inhaled activity to blood
for long-lived radionuclides

Publication 2 Publication 30
Class Fraction Class Fraction
Soluble 0.25 < 0.50 1, D 0.48 + 0.15f;
Insoluble not considered W 0.12 + 0.51 f,

Y 0.05 + 0.58 f;

the new model results in a higher transfer of activity to
and a lower transfer for class W compounds. If f; lies
for class D and class W materials.

For soluble compounds with small { ) values,
blood for class D compounds (0.48 vs 0.25),
near 1, the two approaches predict comparable transfers

For insoluble materials, a useful measure of the committed dose equivalent to the lung itself is
the time integral of the retained inhaled activity, normalized relative to the initial intake:

1 (% 1
-;;J; A(t) dt . (i

A(t) is the activity in the lungs at time t, and the activity A, is inhaled at t = 0. In Publication 2

it was assumed that half of any insoluble radionuclide initially retained in the lower respiratory -
tract, i.c., 1/8 of the inhaled activity, was climinated from it exponentially with a half-life of 120
days for all nuclides except plutonium (1 year) and thorium (4 years). The treatment of lung
clearance in the new model is more complex, but the value of the integral in equation (11) depends
only on the clearance class (ignoring physical decay). For a long-lived radionuclide, the time
integrals of the normalized retention for the two models can be compared as: :

Time integral of retention in lung for long-lived
radionuclides in insoluble compounds

Publication 2 Publication 30
Material Integral " Class Integral
(days*) (days*)
Thorium 263 D 0.22
Plutonium 66 w 12
Other 22 Y 230

*Units: uCi-days per uCi inhaled—i.c., days.
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For long-lived isotopes of plutonium in class Y compounds, the committed dose equivalent to
the lungs [proportional to the integral in Eq. (11)] is about 4 times greater under the current model
than under the old model (230 vs 66). For long-lived class Y radionuclides other than thorium or
plutonium, the difference is even larger, a factor of 10. For compounds now in clearance class w,
assignment to the insoluble form in the old model resulted in overestimations by factors of about
20, 5, and 2 for thorium, plutonium, and other radionuclides, respectively. Again, the loss of
activity by radioactive decay has not been considered here.

In summary, the revised modeling of the clearance of material from the lung influenced the
derived guides primarily through changes in the transfer of activity to blood and in the retention of
activity in the lungs. For inhalation of soluble class D compounds with f; less than 1072, the
current modeling indicates a transfer to blood twice that of Publications 2 and 6. For insoluble
forms, the dose equivalent to the lung may have been. over-estimated in Publication 2 by a factor of
from 2 to 20 for class W compounds, and under-estimated by factors of from 4 10 10 for class Y

compounds.

DOSIMETRY OF BONE-SEEKING RADIONUCLIDES

The dosimetric model for bone-secking radionuclides ha§ also been modified substantially. In
the following comparison of the old and current models, the total activity present in the skeleton is

assumed to be the same.

The Bone Dosimetry of Publication 2

The bone dosimetry model of Publication 2 compared the effective encrgy absorbed in the
skeleton from a bone-seeking radionuclide with that for a body burden of 0.1 uCi of AbRa. It
considered the dose to the 7 kg of marrow-free skeletal bone delivered by the radioactive material
resident within the bone, but included only indirectly the effects on endosteal tissue of radionuclides
that accumulate on bone surface. :

The specific effective energy SEE(T «— S) is defined as the energy (in MeV), suitably modified
with a radiation quality factor (Q), absorbed per gram of target tissue (T), per nuclear
transformation occuring in the source tissue (S). Although the term ‘SEE’ was not used in
Publication 2, an expression appropriate for that model would be of the form

SEE=nQE/m, (12)

where the energy E emitted per disintegration was deposited entirely within the bone, of total mass
m (7 kg). The quality factor Q was taken to be 1 for gamma-rays, X-rays, and beta particles; and
10 for alpha particles. The value of the ‘relative damage factor,” n, was 1 for isotopes of radium
and for pure gamma emitters, and 5 for other radionuclides that emit alpha or beta radiation; n
was, in essence, a factor to account for additional damage that could be caused by radionuclides
that, unlike radium, might be surface-secking.



The Bone Dosimetry of Publication 30

‘In conirast to the old model, in which dose is averaged over the bone, the current model
contains separate calculations of the dose equivalent to the active haematopoietic tissue within the
cavities of trabecular bone, and to osteogenic cells, in particular those on the endosteal surfaces of

bone.

Developing blood cells are found in various stages of maturation within the red marrow, which
is therefore of concern with respect to the radiation induction of leukemia. The need to limit the
dose to this tissue was recognised in Publication 2, but was not explicitly addressed in developing
the recommendations for bone-secking radionuclides.

The osteogenic cells are the precursors of cells involved in the formation of new bone
(osteoblasts) and in the resorption of bone (osteoclasts), and are of concern with respect to
carcinogenisis in bone. The location of the osteogenic cells in the skeleton is not well defined; for
the purpose of calculating the derived guides, the average dose equivalent is determined over a
10 um thick layer of soft tissue adjacent to the surface of the bone. The following discussion is
limited to the example of particulate (alpha and beta) irradiation of endosteal tissues.

Energy deposition in endosteal tissues is averaged over a layer of cells near the bone surfaces,
the mass m of which is taken to be 120 g. We distinguish between radionuclides that reside on
bone surfaces and those that are distributed throughout the bone volume. The specific effective
energy for endosteal tissue from a radionuclide distributed uniformly on bone surface may be

expressed as

SEES(BS—Bone) = {F5(CB) AFS(BS—CB)+ FS(TB) AFS(BS—TB) ]QE /m , (13)

where
E is the encrgy emitted per disintegration; '

FS(CB) and FS(TB) denote the fractions of activity in the skeleton residing on the surfaces
(S) of cortical bone (CB) and trabecular bone (TB), and FS(CB) + F&TB) = 1.
Cortical and trabecular bone are defined as bonc with a surface/volume ratio less than
and greater than 60 cm? cm ™3, respectively.

AFS(BS - CB) and AFS(BS — TB) are the fractions of the energy emitted from the
surfaces of cortical and trabecular bone that are absorbed by the endosteal tissue at the
bone surface (BS). AFS(BS «— CB) is normally smaller than AFS(BS = TB) because of
the greater absorption of radiation by the bone itself.

A corresponding equation can be written for SEEY(BS — Bone) for radionuclides that deposit
within bone volume (¥); FY(CB) would then be the fraction of activity that is dispersed evenly
throughout cortical bone, and so on.

Values of parameters for the above formulation are contained in ICRP 30 (sec Chapter 5 of
ICRP 1979a). The quality factor Q for alpha radiation is taken to be 20, rather .than 10 as in
ICRP 2, and the ‘relative damage factor’ n is no longer used.
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The two dosimetric models are compared in the table below. Since SEE is proportional to E in
both, it is convenient to make the comparison in terms of the specific effective energy normalized
with respect to energy, SEE/E. This is the fraction of emitted encrgy that is deposited in the
target tissue, modified to account for radiation quality and -for the spatial distribution of the
radionuclide in the source tissue; as such, it is-a measure of the relative degree of harm inflicted by
a radionuclide upon the target tissues.

Effective energy deposited by bone-seeking radionuclides

Publication 2 Publication 30
Radiation/Nuclide SEE/E(gm™") Radiation/Nuclide ~ SEE/ E(gm™")
Alpha " Alpha
Radium 1.4 x 1073 Volume emitters 2.2 x 1073
. Other radionuclides 7.1 x 1073 . Surface emitters 8.3 x 1072
Beta Beta
Radium 1.4 x 1074 Volume emitters 1.4 x 1074
Other radionuclides 7.1 x10™* Surface emitters
E < 0.2 MeV 42 x 1072
E = 0.2 MeV 3.3 x 107

For radium-226, which is a volume secker, the normalized specific effective energy (and thus
the dose equivalent) to endosteal tissue under the new model is 1.6 (2.2 x 1073/1.4 x 107?) times
greater than was the SEE/E to bone under the old; that is, the 0.1 ug 26Ra skeletal burden
considered in Publication 2 t0 result in a dose rate to bone of 30 rem/yr (0.3 Sv/yr) would, under
the current model, deliver 50 rem/yr (0.5 Sv/yr) to endosteal tissue. For volume-distributed alpha
emitters other than radium-226,* the dosc equivalent to endosteal tissue under the new .model is
three times lower than that to bone as determined before. For surface-secking alpha emitters, the
corresponding ratio of calculated dose equivalents is 12.

The use of the new bone dosimetry model thus has a potentially major impact on the derived
guides for alpha and low-energy beta emitters, particularly those that are surface-seekers.

SUBMERSION IN AIR

The old model considered the dose from an airborne concentration of inert radioactive
materials (such as noble gas radioisotopes). Body shiclding and attenuation in air were taken into
account by assuming that only photon radiation and beta particles of energy greater than 0.1 MeV
contribute to the whole body dose. For low energy beta emitters, only dose to skin was considered.

The new mode!l considers the shielding of organs by overlying tissues and the degradation of
the photon spectrum through scatter and attenuation by air. The dose from beta particles is

*Because of its short half-life (3.66 d), 224R 2 has little time to diffuse into bone volume, and
such a comparison would be misleading. .
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evaluated at a depth of 0.07 mm for skin, and at a depth of 3 mm for the lens of the eye. The
worker is assumed to be immersed in pure parent radionuclide, and no radiation from airborne
progeny is considered. In most cases. the concentration limit for submersion in 2 radioactive semi-

infinite cloud is based on external irradiation of the body; it does not take into account either

absorbed gas within the body or the inhalation of radioactive decay products. Exceptions are

elemental tritium and 37Ar, for which direct exposure of the lungs by inhaled activity limits

(stochastically) concentration in air.

I,




IV. MAGNITUDES AND SOURCES OF CHANGES
"IN THE DERIVED GUIDES

Comparison of the derived guides in this Report (TFable 1) with those in ICRP Publications 2
and 6 reveals some substantial changes. Systematic comparisons are not made easily. however,
pecause the chemical forms of inhaled materials are now characterized in 8 manner (by clearance
class) different from that used previously {soluble vs. insoluble). The identification of specific
causes of changes is further complicated by the large number of factors used in the calculations.
Nonetheless, an attempt has been made to characterize the overall magnitudes and sources of
changes, t0 identify those radionuclides for which the numerical derived guides are altered most
significantly, and to determine the factors most responsible.

The following conventions were adopted for making these cOmparisons:

The derived guides of Publications 2 and 6 were tabulated as Maximum Permissible
Concentrations (MPC) in air and water. The current derived guides are presented in terms of
ALls for inhalation or ingestion. and DACs for inhalation (or submersion). For 2 radionuclide
whose derived guide does not change. the DAC is numerically equal to the old MPC in air.

For inhalation exposure: (a) The MPCs in air for soluble forms were compared with the DACs
for compounds of lung clearance class D. In the cases where no DAC is calculated for class D
compounds of a radionuclide, then the comparison Wwas made with the DAC for class W
compounds. It was considered inappropriate 10 compare soluble and class Y compounds. (b) The
MPCs for the insoluble forms were compared with the DACs for class Y compounds. If no DAC is
calculated for class Y compounds, then the comparison Wwas made with the DAC for class w
compounds. unless a class W compound had already been compared 10 the soluble compound.

For ingestion €Xposurc: It is assumed that 2 worker ingests 1.1 liters of contaminated water
cach day, resulting in an intake of (50 wk/yr x 3 d/wk x 1100 cm?/d x MPC uCifem?®) uCi/yr.
(a)Ifa radionuclide is assigned a single f; value. then the ALI was compared to the MPC in water,
for soluble compounds; (b) If compounds of the radionuclide are assigned two f, values, then the
ALI for the higher value of f was compared with the MPC for soluble compounds, and the low-f;
ALI was compared with the MPC for the insoluble form.

Cases in which specific chemical forms (rather than lung class) are listed in Tabie 1, such as

certain compounds of hydrogen, carbon, and nitrogen. were omitted from the comparison.

INHALATION

A comparison was made of the DACs'and MPCs in air for all the radionuclides considered in
this study, and the results appear in Fig. 2. The solid histogram shows the relative numbers of
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rived guides for inhalation. The solid histogram
indicates the fraction of radionuclides for which the DAC listed in this report differs from the
former MPC by a factor of between 1 and 2. 2 and 4, 4 and 8, etc. The hatched histogram shows
the fraction of radionuclides for which the DAC changed by various factors solely as a consequence
of new metabolic modeling and physiologic data, but with the old (1960) Federal guidance.

Fig. 2. Comparison of the old and new de

cases in which the value of the DAC is different from that of the MPC by a factor of between 1
and 2. 2 and 4, 4 and 8, and so on. (Note the logarithmic scale on the abscissa.) In about 65% of
the cases, the values differ by less than a factor of four, and in one third, by less than a factor of

two.

The hatched histogram of Fig. 2 (reproduced from Federal Guidance Report No. 10) shows
the relative number of cases in which DACs changed solely because of revision of the metabolic
modeling and physiologic data. The closeness of the two curves in Fig. 2 suggests that the
differences between the current and the previous derived guides are attributable primarily to
improved metabolic modeling and physiologic data, and only secondarily to the adoption of new

values for the primary guides.

Each radionuclide for which the DAC is at least a factor of 16 different from its corresponding
MPC is listed below. The MPCs that are based on the limits of FRC 1 (and the models of ICRP
2), and the relevant critical organs, comprise the first column. The middle column presents the
derived guides, taken from Federal Guidance Report No. 10, that would be obtained with
contemporary metabolic modeling and physiological data, but using the 1960 primary guides. The
current DAC appears in the third column of numbers, and if the value of this DAC is determined
by the non-stochastic 50 rem limit for any organ, then that organ is also noted. The changes for
these radionuclides support the above observation that the revisions in the derived guides are due
principally to improved modeling and data, rather than to the adoption of new primary guides.



Nuclide

Revised guide more restrictive by factor >16:

2193 | x 1077 (S) Bone 3x107" B surface 3x107°(D) B surface
3 x 1077(1) Lung 2x 107" B surface 2x 1070 () B surface
In-115 5 x 1077 (S) Kidney 2 x 107" R. maro¥ 6 x 1070 (D)
3 x 1074 (1) Lung 6 x 10°1° R. marmov 2 x 1077 (W)
Ac221 3~ 10-" (1) Lung | x 107'7 Lung 2 x 10712 (Y)
Ac-228 g x 1078 (S) Liver o x 107" B.surface ax 107D B surface
Pa-231 1 x 10710 (1) Lung 2x 1077 B surface 3 x 10712 (Y) B. surface
Pu-241 4 x 10°%(1) Lung 3 x 10710 B. surface 3% 1070 (V) B surface
Am-244 4 x 107 (S) Bone 7x107" B surface g x 1074 (W) B. surface
Cf-249 1 x 10710 () lung - g x 1071 Lung 4x 1073 (Y) B surface
Revised guide less restrictive bY factor >16: _
c-14f 4x107¢ Fat 9 x 107} Gonad 9 x 107°
$-35 3 x 1077 (S) Testis g x 107¢ Lung 7 x 107 (D)
‘Mn-56 5 x 1077 () LU 3x 107¢ Lung 9 x 107 (W)
Ni-65 5 x 1077 (D uL! 4 x 107¢  Lung 1 x 107H(W)
1-134 5 x 1077 (8) Thyroid 1 x 1078 Thyroid 2 x 1073(D)
Re-187 5 x 1077 (1) Lung 2 x 107% Lung 4 x 1073 (W)
Bi-210 6 x 107° (S) Kidney 3x 107* Kidney 1 x 10”7 (D) Kidney

*The chemical form is denoted S of 1 for soluble and insolubte. respectively: the organ histed is the

critical organ.
*The lung clearance class is denoted D. W, or Y. If no organ is listed. the DAC is Jimited by the

primary uide for stochastic effects: if an organ is Listed, the DAC is pased on limiting non-stochastic

effects in the listed organ.
%1n the form of CO2

With the exceptions of "In and Wpc, all cases in which the current DACs arc more

MPCs (i.c., where the DACs ar¢ numerically smaller than the MPCs) involve

for non-stochastic effects at bone surfaces. All of thesc radionuclides, except
), but this is

restrictive than the

the primary guide
115]y, deposit on the surface of mineral bon¢ (indium is taken up by the active marrow

only part of the reason the revised values arc more restrictive.

The DAC for 937y is more restrictive primarily because of a change in the metabolic model:
d there is an

retention in bone is found to be eight times greater than was assumed earlief, an

increase in the transfer to the skeleton (due 10 increased clearance of class D compounds 10 blood.

and consequent increased deposition in the skeleton). Other radiosotopes of zirconium are

sufficiently short-lived that the greater skeletal retention does not substantially change their DAGC:s.

The old metabolic model assumed that 4% of 'VIn entering blood was \ranslocated to the

Kidney (the critical organ), where it was retained with 3 biological half-time of 60 days. The

current model assumes that 30% of indium entering the body fluids goes to the red marrow, where
it is bound permanently. The DAC for 18§y (half-life of 5.1 X 105 years) is of academic interest
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only, since its specific activity is so low that a concentration corresponding to the DAC could not be
airborne. The other radioisotopes of indium are sufficiently short-lived that the new assumption of
permanent retention in red marrow has no bearing on their DACs.

The more restrictive DAC for class Y compounds of Qac results both from increased
retention under the current lung model and from the increased quality factor Q (20 vs. 10) for
alpha radiation. Members of the 27Ac¢ decay chain are sufficiently short-lived, relative to their
parent, that the committed dose equivalent is proportional to the residence time in lung of the

parent nuclide.

This, however, is not the case for the 2*Ac chain, where the first daughter, 287 is long-lived
relative to the parent. The source of the 20-fold more restrictive value is compiex. In the old
model, the ratio of activity of the first daughter to that of the parent in the critical organ (liver)
was about 1, while the current model yields a ratio of '3 in the limiting organ (bone surface). The
SEE for endosteal tissue at bone surface is about 14 times that for the liver, and the current lung
model results in an increased transfer to blood (0.45 vs. 0.25). Finally, the current primary guide
for bone surface (50 rem or 0.5 Sv) is about three times higher than the previous primary guide for

liver (15 rem).

For P'Pa, 2*'Py, and 2¥°Cf, clearance of insoluble material from the lung to the various organs
was not considered previously. The current model, however, includes the transfer and uptake of
activity for class Y compounds; this results in DACs limited by the dose equivalent to bone

surfaces.

The DAC for 2#Am is more restrictive partly because of an crror in the original MPC (ICRP
1964). The lowest lying nuclear state, with a half-life of 10.1 hours, was inadvertently assigned the
26 minute half-life of the metastable state. (3%¥®Am itself was not included in the tabulation of -
MPCs). The error was significant, since it is the physical half-life of #4am, and not its rate of
biological clearance, that governs its retention in the body. .

The DAC for CO, is 23 times less restrictive than the corresponding MPC mainly because
retention decreased by a factor of 10. Also, in the current model the committed effective dose
equivalent is determined over the total body mass, and subject to a S rem primary guide, rather
than over the 10 kg of body fat, which had been the critical tissue with a 15 rem primary guide.

Current models project a much more rapid loss of 35§ from the body than was previously
assumed. In the older model, 0.13% of the sulfur entering blood was transferred to the testes, the
critical organ, where it was retained with a half-time of 623 days. The current model indicates that
80% of the sulfur introduced into body fluids is excreted promptly, 15% is retained with a biological
half-time of 20 days, and the remaining 5% has a half-time of 2000 days.

The DACs for class W compounds of *Mn and 65Ni are based primarily on dose to the lung,
rather than to the GI tract as in the previous analysis. This, together with the change in the
primary guides, results in the new values being less restrictive.

The old model assumed that a fraction of the inhaled activity of soluble radionuclides is
transferred instantaneously to systemic organs, and considered neither radioactive decay nor the
kinetics of clearance from the lung and uptake by the organs. The current model accounts for
radiological decay during the finite .time needed for lung clearance and transfer. This is of
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nce for iodine which, after entering the transfer compartment (the body fluid), is transiocated

releva
from it with 2 half-time of 6 hours. The physical ha!folit‘e of 131 (52.6 minutes), by comparison, 1S

short; the g-fold lower uptake by the thyroid, together with radiological decay during clearance
from the lung, result in 2 DAC 40 times 1ess restrictive than before. -

The-radionuclide WiRe, like 'Vln, is 3 Jow-specific activity radionuclide, with 3 half-life of 5 x
10'° years. The lung retains about the same amounts (to within a factor of 2) of inhaled class w
and insoluble compounds, but the effective beta energy per disintegration is now evaluated as 6.6 X
10~ MeV, rather than 0.012 MeV. This new decay encrgy evaluation for 18R is the main source

of the factor of 40 increase in its DAC.

The DAC for 210g; js less restrictive because revised metabolic modeling of daughter

uclides results in 3 factor of 10 lower residence time for the daughter 210pg, the alpha

radion
emissions of which dominate the calculation of dose equivalent. In addition, the DAC is now based
previous 15

on application of the non-stochastic guide of 50 rem to the kidney, as opposed 10 the
rem guide for the same (critical) organ- The change in quality factor (20 vs. 10) for the 2'°Po

alpha emissions acts in the opposite direction.

Changes in Derived Guides for Some Important Radionuclides  °

In the table on the following page. we compare derived air concentrations for some of the most

commonly encountered radionuclides. The first three columns of numbers list the MPCs derived

for conformance t0 the 1960 primary guides, the derived guides from Federal Guidance Report No.
10, and the current DACs, respectively. The fourth column shows, for each radionuclide and lung
clearance class, the factor Qm by which the 1960 derived guide must be multiplied to obtain that of
Report No. 10. Because poth of these correspond 1o the 1960 primary guide, Gm is a measure of
the change brought about solely by improvements in the metabolic modeling and physio\ogical data.
Similarly, the fifth column presents the factors. Qg needed to convert the derived guides of Report
No. 10 into those consistent with the 1987 guidance: these factors reflect solely the effect of
changes in the primary guides. Finally, t0 provide 2 measure of the relative significance of the two
events (new modeling vs. new primary guides), the sixth column lists for each case the ratio of the
magnitudcs‘ of the shifts brought about by the two changes.

There is no simple way of comparing the overall impact of improved modeling with that of new
primary guides. Some sense of the general trends can be obtained, however, from various averages
of the Gn and qg factors. The geometric and arithmetic means of the. magnitudes of the factors dem
due to improved modeling are 2.8 and 4.1, respectively: and 1.9 and 2.1 for the factors Qg arises
from the adoption of the new primary guides. This is suggestive that the changes brought about by
improved modeling average 2 factor of about 2 times greater than those attributable 10 adoption of

new primary guides, and is consistent with the histograms of Fig. 2.

*The ‘magnitude in the shift’ due 10 new modeling is defined to be & number greater than or
equal to one (i.c., the ‘magnitude of qm 1S Gm if gm > b and 1/qm if Qm < 1). So also for Qg
‘ratio’ = (magnitude of qm),"(mugnitudc. of qg)-




MPC DAC (uCi/em?)

(uCifem?) - T .

Nuclide/class ICRP 2 Report 10 Report {1 Qn Qs ratio
p-32 D 7x 1078 9 x 107" ax 10”7 129 444 029
W 8x107* 7 x 107! 2 x 1077 088 286 040

Mn-54 D 4x 1077 3 x 1077 4x 107 075 133 1.0
w  ax10”? 3 x 1077 3x 1077 750 100 15

Mn-56 D g x 1077 4ax10"¢ 6 x 107 so0 1.50 33
w 5x 1077 3x 1078 9 x 107* 600 300 20

Co-58 w  8x107 2x 1077 s x 1077 025 250 1.6
Y §x 107" 1 x 1077 3x 1077 200 300 067

Co-60 W 3x10”’ 5x 107¢ 7% 107" 0.17 140 43
Y 9 x 10”° 5x 107* 1 x 107" 056 200 0950
Sr-89 D 3 107° 1 x 107’ 4x1077 333 400 083
Y 4x 107" 2% 1070 6 x 107" 050 300 0.67

Sr-90 D 3x107® 2x 10~* §x 10 667 400 17
Y 5 x 1077 6 x 107" 2x107? o012 333 25

Zr-95 D 1 x 1077 4x10"" 5 x 1078 040 125 20
Y 3x 107" ax10”" 1 x 1077 133 250 0.53

Nb-95 w  Ssx107’ 3% 1077 5 x 1077 060 167 10
Y 1 x 1077 2 x 1077 s x 1077 200 250 080

Mo-99 D 7 x 10”7 9 x 1077 1 x 1078 1.29 LN 1.2
Y 2 x 10”7 3x 1077 6 x 1077 1.50 200 075
1-129 D 2 x 107° 2x107° 4 x107° 100 200 050
1-131 D 9 x 10~* 1 x 1078 2% 107 .11 200 056
1-133 D 3 x 1078 7% 107° 1 x 1077 233 143 1.6
Cs-134 D 4x10"t 4x 107t 4x107t 100 100 10
Cs-137 D 6 x 107¢ 6 x 1078 6 x 107° 100 100 10
Ce-144 w 1 x 107° 7 x 107° 1 x 107" 070 1.43 1.0
Y 6 x 107° 2% 107° 6 x 107° 033 300 10

Ra-226 W 3xtio”V 1 x 10710 3x 107" 333 300 LI
Th-228 W 9x107R?  4x 10°1 4x 10712 044 100 23
Y 6x10712  2x 10-% 2. 10717 033 350 086

Th-232 w o 2x107  5x107" sx10-"? 025 100 40

Y 1 x 107" 1P x 1078 1 x 10717 010 100 10

U-234 D 6x107" 4x 1071 5% 1071° 067 1.25 1.2
Y 1x107%  6x 1074 2x 10”006 333 50
U-235 D §x 1070 4x 10”0 6x10"1° 080 150 0.83
Y 1x107°  6x 10”1 2% 10”006 333 5.0

U-238 D 7 x 107" 4x 107 6x10"" 571 150 38
Y 1x10-%  6x 107" 2x10°M 006 333 50

Pu-238 w o o2x107% 3x 10”1 3% 1071 1.50 100 15
Y 3x 10" §x107% 8x 10712 017 160 37

Pu-239 W 2x107'T 2x 10°12 3x107 100 150 0.7
Y 4x 107" 5x 1071 7x10°2 013 140 55

Am-241 W 6x107ft 2x 10" 3x10°7 033 150 20

*Qa» Gy aNd

~ratio™ are defined in the text.




INGESTION

For exposure by ingestion, a comparison of the MPCs for water with the ALIs for ingestion is
shown as the solid histogram of Fig. 3. The values differ by less than a factor of four in about 80%
"of the cases, and by less than a factor of two for 30%. Comparisoh with the hatched histogram
indicates that, as with inhalation, changes in the derived guides arise mainly because of updated

metabolic modeling and physiologic data, and only secondarily because of the new pnmary guides.

The nuclides whose guides are substantially changed are tabulated on the next page. As with
inhalation, the radionuclides whose revised values for ingestion have become more restrictive arc
primarily those for which bone surface (endosteal tissue) is the (non-stochastically) limiting organ.

Here, too, all except ''’In deposit on bone.

Revision of the metabolic model has generally yielded greater uptake of these radionuclides
from the gastrointestinal tract to blood (i.c., a larger f) parameter), and this has tended to be the
dominant factor governing the changes in the ALIs. Other changes in the metabolic models,
involving an increased fraction deposited in bone but lower skeletal retention, have had less effect.
Adoption of the new dosimetric model, separating bone-seekers into surface- and volume-seekers,
has contributed significantly to the changes. '

For '’In, in particular, the change in the retention within the body, discussed previously, is
partly responsible for its revised value being more restrictive.

ORNL-DWG 886 12502R

INGESTION EXPOSURE

ALILESS . ALI MORE
RESTRICTIVE T RESTRICTIWE -—‘—_'{

60

REPORT 10
i rePoRT 1

FREQUENCY (%)

64 32 )
! ALt | IXMPC -]
i 1xMPC { ALl |

Fig. 3. Comparison of the old and new derived guides for ingestion. The solid and hatched
histograms describe the same quantities as in Fig. 2. T’ refers to intake for a work-year (1.1 1/d x
250 d/yr). '
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Substantially changed derived guides for ingestion

" from MPC’ ALI

Nuclide ICRP 2 * Report No. 11
: (uCi) (uCi)

Revised guide more restictive by factor >16
In-115 800 LLI 40 ‘
Sm-147 500 Bone 20 B. surface
Ac-227 20 - Bone 0.2 B. surface
Pa-231 8 Bone 0.2 B. surface
Np-237 20 Bone . 0.5 B. surface
Cf-250 100 Bone 1 B. surface

Revised guide less restictive by factor >16

S-35 500 Testis 1x 10
Ca-45 80 Bone o 2x 10
- Ni-63 200 Bone 9 x 10°
Ge-T1 1 x 104 LLI 5 x 10°
I-134 1 x 10° Thyroid 2 x 10* Thyroid
Re-187 2 x 10* LLI 6 x 10°
Ra-226 0.1 Bone . 2 B. surface

*Quantity ingested in a year at the MPC. For all the
MPCs, the soluble form is involved. The listed organ is
the critical organ.

The derived standards for “°Ca, 63N, and 2%Ra are less restrictive. With the old metabolic
model, half the 5°Ni that reached blood was transferred t0 bone, where it was retained with an 800
day half-time. With the current model, 68% of the nickel entering the transfer compartment is
excreted, and 30% is distributed throughout the total body and retained with a 1,200 day biological
half-life; the remaining 2% is transferred to the kidney, where it resides with a half-time of 0.2
days. With the lower uptake from the gastrointestinal tract (see the f, values listed in Table 3), the
ALI is now limited by the 5 rem stochastic constraint on committed effective dose equivalent.

The old model took the biological half-life for “°Ca in the skelcton to be 162 days, and
1.6 x 10* days for 2Ra. Assuming that 90% of the calcium activity entering the blood is
transferred to the skeleton, and 10% of the radium, then the time integrals of the skeletal retention
of these radionuclides (as in equation 11) would be 210 and 1.3 x 10° days, respectively. Under
the alkaline carth model of ICRP Publication 20 (ICRP 1973a), however, both integrals are
approximately 100 days. This decreased retention of 4*Ca and **Ra in the skelcton is largely
responsibic for their higher (less restrictive) ALIs. Changes in the bone dosimetry (®**Ra is an
alpha emitter, and 4C, is a low energy beta emitter; both are volume seekers), and the slightly
reduced absorption from the gastrointestinal tract, also contribute to the changes.
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SUBMERSION

Only 2 limited number of comparisons are possible for submersion, as this mode of exposure is
of concern principally for noble gas radionuclides. Those that can be made are shown below:

Substantially changed derived guides for submersion
MPC DAC
Nuclide ICRP 2 Report No. 11
(Ci/em®) (uCijem’)

H-3* 2 x 107 Skin 5x 107!
Ar-37 6 x 107> Skin ° 1
Ar-41 2 x 1076 W. body 3 x 107¢
Kr-85m 6 x 106 W. body 2 x 107
Kr-85 | x 1073 W. body 1 x 107¢ Skin
Kr-87 1 x 107¢ W.body 5x 107¢
Xe-131m 2 x 1075 W. body 4 x 1074 Skin
Xe-133 1 x 1073 W. body 1 x 107
Xe-135 4 x 1078 W.body 1 x 107°

wetrs 4N WY

sclemental

For the most part, these DACs arc less restrictive than the previous MPCs because the
dosimetric modei now takes into account the shielding of body organs by overlying tissues. Both *H
and VAr emit radiations that are 100 weak to penetrate the outer skin layer, and (stochastic)
limitation is based on radionuclide content in the lungs. The DAC for 85Kr also has been relaxed
considerably since its beta emission only irradiates the skin. The DAC is based on limitation of
non-stochastic effects in the skin: the MPC was derived assuming that beta particles of encrgy
greater than 0.1 MeV contributed to the whole body dose..

SUMMARY

This Report presents new tables of derived guides for protection against the intake of

radionuclides in the workplace. This revision has been necessitated both by improvements over the

‘ past several decades in the metabolic modeling of radionuclides and by the issuance of new Federal
radiation protection guidance in 1987.

Comparison of the new derived guides with those that have been in use for nearly three
decades indicates that, for about 70% of all radionuclides, the differences are not substantial, i.c.,

are less than 2 factor of four.
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The usc of revised metabolic and dosimetric models does, however, cause major alteration in
the derived guides of some radionuclides. Of particular importance have been improvements in the
lung and bone dosimetry. models. New estimates of nuglear decay characteristics, uptake of body
fluids, retention in lung and body tissues, and energy deposition have also been of significance.
Changes in these parameters and models have been discussed in this Report for specific
radionuclides only when they led to sizable revisions in the guides themselves: it should therefore
not be concluded that the components of a radionuclide’s dosimetric analysis have remained the

same simply because the value of the guide has.

The tables of derived gﬁides presented in Federal Guidance Report No. 10 and the present
Report were obtained using, in most cases, the same metabolic models and physiological data, but
different limiting values for dose. Comparisons petween these. and with the tables of ICRP
Publications 2 and 6, indicate that conversion to- the 1987 Federal guidance has had an overall
effect on the numerical values of the guides about half as great as that due to improvements in the

metabolic modeling and physiological data.



TABLE1l

Annual Limits on Intake (ALI) and Derived Air
Concentrations (DAC) for Occupational Exposure

Explanation of Entries

Units for ALIs and DACs:

ALIs and DACs for the various radionuclides and their chemical forms are expressed in
Table 1 both in SI units (MBq and MBgq/m’, respectively) and in conventional units (uCi
and uCi/cm’). Table 1.a. on the even numbered pages to the reader’s left, contains ALls

and DACs in SI units; Table 1.b, on the facing pages. contains the derived guides for the
same nuclides, but expressed in conventional units.

Radionuclide /Half: -life:

For cach element, radionuclides of significance for radiation protection and their half-lives
are listed in the first column. The symbols m, h, d, and y refer 10 minutes, hours, days,
and years, respectively. The radionuclide designation follows conventional practice, with
the symbol m denoting 2 metastable state. In some instances, such as with '®?Re, it i
necessary to refer to the half-life to identify the radionuclide unambiguously.

Lung class, fy, and Compounds:

These data characterize the chemical form assumed in the calculations. In the case of
inhalation, the lung clearance class [D (days), W (weeks), or Y (years)] and the fractional
uptake from the small intestine to blood (f,) arc shown, as well as the identification of
assigned compounds. In the case of ingestion, only f, is shown. Table 3 provides
information on the assignment of chemical compounds to clearance classes and f, values.

‘Sub’ denotes situations in which exposure is submersion-limited. Elements in ‘Vapor' form
deposited in lung are assumed to be totally taken up by blood.

.31
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Table 1.a. Annual Limits on Intake (ALI) and Derived Air
Concentrations (DAC) for Occupational Exposure

Inhalation . Ingestion
ALI DAC ALl
Nuclide Class/f, MBq MBg/m’ fi, ~ MBq
Hydrogen'
H-3 Water, 3000 0.8 1 3000
Vapor
1235y Elemental, 210*
Sub
Beryllium
Be-7 W 0.005 800 0.3 0.005 2000
53.3d Y 0.005 700 0.3
Be-10 W 0.005 6 0.002 0.005 40
1.6 10%y Y 0.005 0.5 210 '
Carbon '
C-11 cmpds* 210* 6 1 210
20.38 m -~ Cco 410* ‘ 20 :
CO, 210 10
C-14 cmpds® 90 0.04 1 90
5730 y co 6 10* 30
CO; 8000 3
Fluorine :
F-18 D1 3000 1 1 2000
109.77 m wi 3000 1 ' .
YI 3000 1
Sodium
Na-22 D1 20 0.01 1 20 .
2.602 y
Na-24 D1 200 0.08 1 100
15.00 h
Magnesium
Mg-28 D05 60 0.03 0.5 20
2091 h W 0.5 50 0.02
Aluminum .
Al-26 D 0.01 2 0.001 0.0t 10
7.16 100y W 0.01 3 0.001
Silicon
Si-31 D 0.01 900 0.4 0.01 300
1573 m W 0.01 1000 0.5
Y 0.01 1000 0.4
Si-32 D 0.01 9 0.004 0.01 80
450y W 0.01 4 0.002
Y 0.01 0.2 8 10°
Phosphorus
P-32 D 0.8 30 0.01 0.8 20
1429 d W 0.8 10 0.006 :
*Labelled organic compounds.

tALIs and DACs are not available for other tritiated compounds. Under
normal environmental conditions, hydrogen gas may rapidly convert to the

water vapor form.
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Table 1.b. Annual Limits on Intake (ALD and Derived Air
Concentrations (DAC) for Occupatismal Exposure
Inhalation Ingestion ‘
ALl " DAC ALl
Nuclide Class/fy uCi uCifcm’ f, uCi
Hydrogen'
H-3 Water, 8 10* 210% 1 8 10*
. Vapor
1235y Elemental, 0.5
Sub
Beryllium : .
Be-7 W 0.005 210* 910 0005 4 10*
53.3d Y 0.005 210 8 10
Be-10 w 0.005 200 610° 0.005 1000
1.6 10°y Y 0.005 10 6 107
Carbon
c-11 cmpds® 410° 210 1 410°
20.38 m co 110° 510"
CcO, 6 10° 310
C-14 cmpds® 2000 110% 1 2000
5730 y co 2 106 710
Co, 2 10° 910%
Fluorine
F-18 DI 710 310° 1 510
109.77 m w1 9 10* 410°
Y1 g 10* 310
Sodium
Na-22 D1 600 3107 1 400
2,602y
Na-24 D1 5000 210 1 4000
1500 h
Magnesium
Mg-28 D 0.5 2000 7107 0.5 700
2091 h W 0.5 1000 5107
Aluminum
Al-26 D 0.01 60 310% 0.01 400
716 10°y w 0.01 90 410"
Silicon
Si-31 p 0.01 310* 110% 0.01 9000
157.3 m w 0.01 10* 110%
Y 0.01 3104 110%
Si-32 D 0.01 200 1107 0.01 2000
450 y W 0.01 100 510°
Y 0.01 5 2107
Phosphorus
p-32 D 0.8 , 900 4107 0.8 600
14.29 d w 0.8 400 2107

sLabelled organic compounds.

taLls and DACs are not

Under normal 'environmcmal conditions,

L~ water vapor form.

available fo
hydrogen

r other tritiated compounds.
gas may rapidly con-
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Table 1.a, Cont'd.

3.891 h

Inhalation Ingestion
ALl -DAC ALl
Nuclide Class/f, MBq MBq/m’ f MBgq
P-33 D 0.8 300 0.1 0.8 200
25.4d W 0.8 100 0.04
Sulphur .
S-35 D08 600 0.3 0.8 400
87.44d W 0.8 - 80 0.03 0.1 200
Vapor 500 0.2
Chlorine
Cl1-36 D1 90 0.04 1 60
3.01 10%y Wi 9 0.004
Cl1-38 D1 2000 0.6 1 600
3721 m w1 2000 0.7
Cl1-39 D1 2000 0.8 1 800
55.6m Wi 2000 0.9
Argon .
Ar-37 Sub 510
35.02d
Ar-39 Sub 7
269 y
Ar-41 Sub 0.1
1.827 h
Potassium
K-40 D1 10 0.006 1 10
1.28 10° y
K-42 D1 200 0.07 1 200
1236 h
K-43 DI 300 0.1 1 200
226 h
K-44 DIi 2000 1 1 800
22.13m
K-45 D1 4000 2 1 1000
20 m
* Calcium
Ca-41 w 0.3 100 0.06 0.3 . 100
14 10°y
Ca-45 w 0.3 30 0.01 0.3 60
163d ‘
Ca-47 w 0.3 30 0.01 0.3 30
453d
Scandium
Sc-43 Y110 800 0.4 1104 300




c-43

S
3891 h

vi110* 210*

910

110*
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Table 1.b. Cont’d.
_ Inhalation ' Ingestion
ALl DAC ALl
Nuclide Class/fy uCi uCi/jem’ fy uCi
P-33 D 0.8 8000 410°% 0.8 6000
2544 w 0.8 3000 110%
Sulphur _
S-35 D o0.8 210 710% 0.8 1 10
g7.44 d w 0.8 -2000 9107 0.1 6000
Vapor L1060 610°
Chlorine
Cl1-36 D1 2000 110 1 2000
301 10°y w1 200 1107
Cl-38 D1 410 210 1 210*
3721 m 510* 2 10 _
Cl1-39 D! 5 10 210 1 210
55.6m Wi 6 10 2 10%
Argon .
Ar-37 Sub 1
35.024d
Ar-39 Sub 210*
269 y
Ar-41 Sub 310%
1.827 h
Potassium
K-40 D! 400 2 107 1 300
1.2810° y
K-42 D! 5000 210° 1 5000
12.36 h
K-43 D1 9000 410 1 . 6000
226N
K-44 D! 710 3103 1 210
22.13m
K-45 D1 110° 5107 1 310
20m
* Calciom
Ca-41 w 0.3 4000 210 0.3 3000
1.410°y
Ca-45 w 0.3 800 4107 0.3 2000
163 d :
Ca-47 w 0.3 900 4107 0.3 800
453d
Scandium

7000
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Table 1.a, Cont’d.

Inhalation Ingestion
ALI DAC ALl
Nuclide Class/f; MBg MBq/m? f, MBq
Sc-44 Y110* 400 0.2 110* 100
3.927h _
Sc-44m Y 110* 30 0.01 110 20
58.6 h
Sc-46 Y110 9 0.004 110% 30
83.83d ‘
Sc-47 Y110 100 0.05 110* 80
3.351d '
Sc-48 Y110* 50 0.02 1104 30
43.7h
Sc-49 Yi10* 2000 0.8 110¢ 800
574 m
Titanium
Ti-44 D 0.01 0.4 210 0.01 10
473y W 0.01 1 410"
Y 0.0! 0.2 9103
Ti-45 D 0.01 900 0.4 0.01 300
308 h W 0.01 1000 0.5
Y 0.01 1000 0.4
Vanadium )
V-47 D 0.01 3000 1 0.01 1000
326 m W 0.01 4000 2
V-48 D 0.01 40 0.02 0.01 20 ..
16.238 d W 0.01 20 0.009
V-49 D 0.01 1000 0.5 0.01 3000
3304d W 0.01 700 0.3
Chromium
Cr-48 D 0.1 400 0.2 0.1 200
2296 h w 0.1 300 0.1 0.01 200
Y 0.1 300 0.1
Cr-49 D 0.1 3000 1 0.1 1000
42.09m W 0.1 4000 2 0.01 1000
Y 0.1 3000 1
Cr-51 D 0.1 2000 0.7 0.1 1000
27.704 d w 0.1 900 0.4 0.01 1000
Y 0.1 700 0.3
Manganese
Mn-51 D 0.1 2000 0.8 0.1 700
46.2m w 0.1 2000 0.9 '
Mn-52 Do.1 40 0.02 0.1 30
5591 d w 0.1 30 0.01




37

Table 1.b, Cont'd.

Inhalation Ingestion
ALl - DAC ALl
Nuclide Class/f; uCi uCifem’ fi uCi
Sc-44 Y1 10 1104 510% 110* 4000
3.927h
Sc-44m "y 110* 700 3107 110* 500
58.6 h
Sc-46 Y 110* 200 1107 1104 900
83.83d
Sc-47 Y110 3000 110% 110¢ 2000
3.351 4 _
Sc-48 Y110* 1000 6 107 110 800
43.7h
Sc-49 Y 110* 510 210° 1104 210
§74m
“Titanium i
Ti-44 D 0.01 10 5107 0.0} 300
413y W 0.01 30 110%
Y 0.01 6 2107
Ti-45 D 0.01 310 110° 0.01 9000
3.08h w 0.01 410 110
Y 0.01 3104 110°
Vanadium
v-47 D 0.01 8 10 310° 0.01 310
326 m W 0.01 110° 410°
V-48 D 0.01 1000 5107 - 0.01 600
16.238 d W 0.01 600 3107
V-49 D 0.01 310* 11073 0.01 7 104
330d W 0.01 210 8 10
Chromium
Cr-48 D 0.1 1104 510 0.1 6000
22.96 h w 0.1 7000 310 0.01 6000
Y 0.1 7000 310°
Cr-49 D 0.1 8 104 4107 0.1 3104
42.09m w 0.1 110° 410 0.01 310
Y 0.1 9 104 4107
Cr-51 D 0.1 5 10* 210° 0.1 410*
27.704 d w 0.1 2104 1103 0.01 410
Y 0.1 210 8 10°
Manganese
Mn-51 D 0.1 5 10* 210 0.1 2104
46.2 m W 0.1 6 10 310°
Mn-52 D 0.1 1000 5107 0.1 700
5.591d w-0.1 900 4107
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Table 1.2, Cont'd.

Inhalation . Ingestion
ALI DAC ALl
Nuclide _ Class/f; MBq MBg/m? f, MBgq
Mn-52m D 0.1 3000 1 0.1 1000
21.1m W 0.1 4000 2
Mn-53 D 0.1 500 0.2 0.1 2000
3.710%y W 0.1 400 0.2
Mn-54 D 0.1 30 0.01 0.1 70
312.5d w 0.1 30 0.01
Mn-56 Do.l 600 0.2 0.1 200
2.5785 h w 0.1 800 0.3
Iron
Fe-52 D 0.1 100 0.05 0.1 30
8.275h w 0.1 90 0.04
Fe-55 D 0.1 70 0.03 0.1 300
27y w 0.1 200 0.06
Fe-59 D 0.1 10 0.005 0.1 30
44.529 d w 0.1 20 0.008
Fe-60 D 0.1 0.2 110* 0.1 1
110°y W 0.1 0.7 310 :
Cobalt
Co-55 W 0.05 100 0.04 0.05 40
17.54 h Y 0.05 100 0.04 0.3 60
Co-56 W 0.05 10 0.005 0.05 20
78.76 d Y 0.05 7 0.003 0.3 20
Co-57 W 0.05 100 0.04 0.05 300
2709 d Y 0.05 20 0.01 0.3 200
Co-58 W 0.05 40 0.02 0.05 60
70.80 d Y 0.05 30 0.01 0.3 50
" Co-58m W 0.05 3000 1 0.05 2000
9.15h Y 0.05 2000 1 0.3 2000
Co-60 W 0.05 6 0.003 0.05 20
5271y Y 0.05 1 510% 0.3 7
Co-60m W 0.05 110° 60 0.05 410*
1047 m Y 0.05 110° 40 0.3 4104
Co-61 W 0.05 2000 1 0.05 700
1.65h Y 0.05 2000 0.9 0.3 800
Co-62m W 0.05 6000 3 0.05 1000
1391 m Y 0.05 6000 2 - 0.3 1000
Nickel
Ni-56 D 0.05 70 0.03 0.05 50
6.10d W 0.05 50 0.02
Vapor 40 0.02
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Table 1.b, Cont'd.
nhalation Ingestion
ALl DAC ALl

Nuclide Class/f uCi uCi/em’ “fy uCi
Mo-52m pol 9 10* 410° o1 310
21.1m w 0.1 110° 410°
Mn-53 D 0.1 110 510 0.1 5 10*
3710%y w 0.1 110* 510°®
Mn-54 D 0.1 900 4107 0.1 2000
312.54d w 0.1 800 . 3107
Mn-56 po.l 210* 6 10 0.1 5000
25785 h w 0.1 210* 9 10°
Iron
Fe-52 D o.l 3000 110% 0.1 900
8275 h w 0.1 2000 110%
Fe-55 D 0.1 2000 8107 0.1 9000
2.7y w 0.1 4000 210%¢
Fe-59 D 0.1 300 1107 0.1 800
44.529 d w 0.1 500 2107
Fe-60 p 0.1 6 310° 0.1 30
110°y w 0.1 20 8 10°
Cobalt
Co-55 W 0.05 '3000 110 0.05 1000
17.54 h Y 0.05 3000 110 0.3 2000
Co-56 w 0.05 300 1107 0.05 500
78.76 d Y 0.05 200 g 10°® 0.3 400
Co-57 w 0.05 3000 110 0.05 8000
2709 d Y 0.05 700 3107 0.3 4000
Co-58 W 0.05 1000 5107 0.05 2000
70.80 d Y 0.05 - 700 3107 0.3 1000
Co-58m W 0.05 910 4103 0.05 6 10*
9.15h Y 0.05 6 10 310° 0.3 710*
Co-60 W 0.05 200 710" 0.05 500
5271y Y 0.05 30 110% 0.3 200
Co-60m W 0.05 410¢ 0.002 0.05 1 10¢
10.47 m vo0os = 3 10° 0.001 0.3 1 10°
Co-61 W 0.05 6 10* 310° 0.05 210*
1.65h Y 0.05 6 10* 2107 0.3 2104
Co-62m W 0.05 210° 7103 0.05 410
1391 m Y 0.05 2 10° 6 10° 0.3 410
Nickel :
Ni-56 D 0.05 2000 8107 0.05 1000

W 0.05 1000 5107

5107

6.10d
' Vapor 000
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Table 1.a, Cont'd.

Inhalation : Ingestion
ALl DAC . ALl
Nuclide Class/f, MBgq MBgq/m’ 1Y MBq
Ni-57 D 0.05 200 0.07 0.05 60
36.08 h W 0.05 100 0.05
Vapor 200 0.1
Ni-59 D 0.05 100 0.06 0.05 900
7.5 10%y W 0.05 300 0.1
Vapor 70 0.03
Ni-63 D 0.05 60 0.02 0.05 300
9%y w 0.05 100 . 0.04
Vapor 30 0.01
Ni-65 D 0.05 900 0.4 0.05 300
2.520 h W 0.05 1000 0.5
Vapor 600 0.3
Ni-66 D 0.05 60 0.02 0.05 10
54.6 h W 0.05 20 .0.01
Vapor 100 0.05
Copper
Cu-60 D 0.5 3000 1 0.5 1000
232 m W 0.5 4000 2
Y 0.5 4000 2
Cu-61 D 0.5 1000 0.5 0.5 500
3408 h w05 2000 . 0.6
Y 0.5 1000 0.5
Cu-64 D 0.5 1000 0.5 0.5 400
12.701 h W 0.5 900 0.4
Y 0.5 800 0.3 :
Cu-67 D 0.5 300 0.1 0.5 200
61.86 h W 0.5 200 0.08
: Y 0.5 200 0.07
Zinc
Zn-62 Y 0.5 100 0.04 0.5 50
9.26 h
Zn-63 Y 0.5 3000 1 0.5 900
38.1m
Zn-65 Y 0.5 10 0.004 0.5 10
2439d
Zn-69 Y 0.5 5000 2 0.5 2000
57Tm
Zn-69m Y 0.5 300 0.1 0.5 200
13.76 h
Zn-7im Y 0.5 600 0.3 0.5 200

392h
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Table 1.b, Cont’d.

3.92h

Inhalation Ingestion
ALl DAC ALl
Nuclide Class/f, uCi uCi/em® f, uCi
Ni-57 D 0.05 5000 210" 0.05 2000
36.08 h w 0.05 3000 110
Vapor 6000 310
Ni-59 D 0.05 4000 210 0.05 210*
7510'y W 0.05 7000 310
Vapor 2000 8 107
Ni-63 D 0.05 2000 7107 0.05 9000
96 y W 0.05 3000 110%
Vapor 800 3107
Ni-65 D 0.05 210 110 0.05 8000
2.520h w005 - 310 110°
Vapor 2104 1 10°¢
Ni-66 D 0.05 2000 7107 0.05 400 .
54.6 h W 0.05 600 3 107
Vapor 3000 110
Copper
Cu-60 D 0.5 910* 410° 0.5 310
23.2m W 0.5 110° 510%
Y 0.5 110° 410°
Cu-61 D 0.5 310 110° 0.5 110
3.408 h W 0.5 410" 2103
Y 0.5 410 110°
Cu-64 D 0.5 310 110% 0.5 1104
12.701 h W 0.5 2 104 1103
Y 0.5 2 10 910°
Cu-67 D 0.5 8000 310 0.5 5000
61.86 h w 0.5 5000 210
Y 0.5 5000 210%
Zinc
Zn-62 Y 0.5 3000 110 0.5 1000
9.26 h
Zn-63 Y 0.5 710* 310° 0.5 2104
38.1m '
Zn-65 Y 0.5 300 1107 0.5 400
2439d :
Zn-69 Y 0.5 110° 6 10° 0.5 610
STm
-Zn-69m Y 0.5 7000 310 0.5 4000
13.76 h
Zn-7im Y 0.5 2104 710¢ 0.5 6000
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Table 1.a, Cont’d.

64.8 h

Inhalation Ingestion
ALl DAC ALl

Nuclide Class/f; MBg MBgq/m’ fy MBq
Zn-72 Y 0.5 40 0.02 0.5 40
46.5h

Gallium

Ga-65 D 0.001 6000 3 0.001 2000
15.2m W 0.001 7000 3 _
Ga-66 D 0.001 100 0.05 0.001 40
9.40 h W 0.001 100 0.04 ,

Ga-67 D 0.001 500 0.2 0.001 300

© 78.26 h W 0.001 400 0.2

Ga-68 D 0.001 2000 0.6 0.001 600
68.0 m W 0.001 2000 0.8

Ga-70 D 0.001 6000 3 0.001 2000
21.15m W 0.001 7000 3

Ga-72 D 0.001 100 0.05 0.001 40
14.1 h W 0.001 100 0.05

Ga-73 D 0.001 600 0.2 0.001 200
491 h W 0.001 600 0.2

Germanium

Ge-66 D1 1000 0.4 1 900
227 h w1 700 0.3

Ge-67 D1 3000 1 1 1000
18.7m A 4000 2

Ge-68 D1 100 0.06 1 200 -
288 d w1 4 0.002

Ge-69 D1 600 0.2 1 500
39.05h Wi 300 0.1

Ge-71 D1 2104 7 1 2104
11.8d Wl 2000 0.7

Ge-75 D1 3000 1 1 2000
82.78 m w1l 3000 i _

- Ge-T7 D1 400 2 1 300

11.30 h Wl 200 0.09

Ge-78 D1 800 0.3 1 800
87 m Wl 800 0.3 :
Arsenic
As-69 W 0.5 4000 2 0.5 1000
15.2m

As-70 W 0.5 2000 0.8 0.5 500
52.6m

As-71 wo.s - 200 0.07 0.5 100
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Table 1.b, Cont’d.
' nhalation ’ Ingestion
ALl DAC ALl
Nuclide Class/fi uCi uCijem’ fy uCi
Zn-T2 Y 0.5 1000 5107 0.5 1000
46.5h
Gallium
Ga-65 D 0.001 210° 710° 0001 5 104
152 m w 0.001 2 10 g8 10° :
Ga-66 D 0.001 4000 110% 0.001 1000
9.40h w 0.001 3000 110
Ga-67 D 0.001 110 610 0.001 7000
78.26 h w 0.001 110 410
Ga-68 D 0.001 410* 210% 0.001 2 10*
68.0 m w 0.001 510 2 10°
Ga-10 D 0.001 210° 710°% 0001 5 10*
21.15m w 0.001 2 10° 8 10°
Ga-72 D 0.001 4000 110 0.001 1000
141h W 0.001 3000 110
‘Ga-13 D 0.001 210* 6 10° 0.001 5000
491 h ~ W 0.001 2 10* 610 .
Germanium .
Ge-66 D1 310* 1107 1 210*
227h w1 210* 8 10
Ge-67 DI 9 10* 4103 1 310*
18.7m w1 110° 41073
Ge-68 D! 4000 210 1 5000
288 d Wi 100 410
Ge-69 D1 210 6 10° 1 110
39.05h Wi 8000 310°
Ge-11 D1 410° 210* 1 510°
11.8d w1 410 210°
Ge-15 D1 g 10* 310° 1 410
8278 m Wi 8 10 4107
Ge-17 D1 110 4 10° 1 9000
11.30 h w1 6000 210
Ge-18 D1 210 9 10 1 210*
87 m w1 210 9 10
. Arsenic
As-69 W 0.5 110° 5107 0.5 3104
15.2m :
As-70 w 0.5 5 10* 2107 0.5 110
526m
W 0.5 5000 210% 0.5 4000

As-T1
64.8 h
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Table. 1.a, Cont’d.

Inhalation Ingestion

ALl -DAC ALl
Nuclide Class/f; MBgq MBq/m’ f, MBq
As-72 W 0.5 50 0.02 0.5 30
260 h
As-73 W 0.5 60 0.03 0.5 300
80.30d
As-74 W 0.5 ‘30 0.01 0.5 60
17.76 d
As-76 W 0.5 50 0.02 0.5 40
26.32h :
As-77 W 0.5 200 0.08 0.5 200
388 h
As-78 W 0.5 800 0.3 0.5 300
90.7 m
Selenium
Se-70 D08 1000 0.6 0.8 600
410m W 0.8 2000 0.7 0.05 400
Se-73 D 0.8 500 0.2 08 300
7.15h W 0.8 600 0.2 0.05 100
Se-73m D038 6000 2 0.8 2000
I9m W 0.8 5000 2 0.05 1000
Se-75 D08 30 0.0! 0.8 20
119.8 d W 0.8 20 0.009 0.05 100
Se-79 D 0.8 30 0.01 0.8 20
65000 y W 0.8 20 0.00% 0.05 200
Se-81 D08 8000 3 0.8 2000
18.5m W 0.8 9000 4 0.05 2000
Se-81m D 0.8 3000 1 0.8 1000
57.25m W 0.8 3000 1 0.05 900
Se-83 D08 4000 2 0.8 2000
225m W 0.8 5000 2 0.05 1000
Bromine
Br-74 DI 3000 1 1 800
25.3m w1 3000 i ‘
Br-74m DIi 1000 0.6 1 500
41.5m Wi 2000 0.6
Br-75 D1 2000 0.7 1 1000
98 m Wi 2000 0.8
Br-76 DI 200 0.07 1 100
16.2 h w1 200 0.07
Br-77 D1 900 04 1 600
56 h Wi 700 0.3




v

45
Table 1.b, Cont'd.
Inhalation * Ingestion
ALl DAC ALl

Nuclide Class/f uCi uCi/c:m3 R uCi
As-T2 w 0.5 1000 6 107 0.5 900
260 h :
As-T13 W05 2000 7107 0.5 8000
80.30d
As-74 W 0.5 800 3107 0.5 1000
17.76 4 ‘
As-76 w 0.5 1000 6 107 0.5 1000
26.32 h '
As-T7 W 0.5 5000 210°® 0.5 4000
188 h
As-78 w 0.5 210* 910 0.5 8000
90.7 m :
Selenium ,
Se-70 D 0.8 410 210% 0.8 210*
410m W 0.8 410 210% 0.05 110
Se-73 D 0.8 110 510% 0.8 7000

. 7.15h w 0.8 210* 710 0.05 3000
Se-73m D 0.8 210° 610° 0.8 6 10
39 m w 0.8 110° 610° 0.05 3 10*
Se-75 D 0.8 700 3107 0.8 500
119.8 d W 0.8 600 3107 0.05 3000
Se-19 D 0.8 800 3107 0.8 600
65000 ¥ w 0.8 600 2107 0.05 5000
Se-81 D08 2 10° 9107 0.8 6 10
18.5m W 0.8 210° 110* 0.05 6 10*
Se-81m D 0.8 710* 310° 0.8 410
57.25m W 0.8 7104 310° 0.05 2104
Se-83 D 0.8 110° 5103 0.8 410
22.5m w 0.8 110° 510° 0.05 310*
Bromine
Br-74 D1 710* 310° 1 210
253 m w1 8 10* 410°
Br-74m D1 410* 210° 1 110*
41.5m w 410 2103
Br-75 D1 5 10 210% 1 3104
98 m wi 510 210°
Br-76 D1 5000 210° 1 4000
162 h 4000 210%
Br-77 210* 110% 1 210*
56 h w1 - 210! 8 10
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Table 1.3, Cont'd.

6.2h

Inhalation Ingestion
ALl DAC . ALl

Nuclide Class/f, MBa MBq/m’ fi MBq
Br-80 D1 7000 3 1 2000
17.4 m wi 8000 3 |

Br-80m D! 600 0.3 1 800 .
442h w1 500 0.2

Br-82 D1 200 0.06 1 100
3530 h w1 100 0.06

Br-83 D1 2000 1 1 2000
2.39h w1 2000 1

Br-84 D1 2000 0.9 1 700
31.80m Wi 2000 |

Krypton

Kr-74 Sub 0.1

11.50 m

Kr-76 Sub 0.3

148 h

Kr-77 Sub 0.1

74.7m

Kr-79 Sub 0.6

35.04 h

Kr-81 Sub 20

2.110°y

Kr-83m Sub 400

1.83h

Kr-85m Sub 0.8

448 h

Kr-85 Sub 5
10.72y

Kr-87 Sub 0.2

76.3m

Kr-88 Sub 0.07

284 h

Rubidium

Rb-79 D1 4000 2 1 1000
229 m

Rb-81 D1 2000 0.8 i 1000
4.58 h

Rb-81m DI 110* 5 1 9000
I2m

Rb-82m D1 700 0.3 1 400
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Table 1.b, Cont’d.

6.2h

Inhalation ' Ingestion

A ALl DAC ALI
Nuclide Class/f uCi uCifem® fy uCi
Br-80 D1 210° 810° 1 510
174 m w1 210° 9107 ‘
Br-80m D1 210 710 1 210
442h w1 110 6 10
Br-82 D1 4000 210°% 1 3000
3530 h w1 4000 210
Br-83 D1 610 310°% 1 510
2.39h w1 6 10 310%
Br-84 D1 6 10 210°% 1 210
31.80m w1 6 10 310°
Krypton
Kr-74 Sub 310
11.50 m
Kr-76 Sub 9 10%
148 h
Kr-77 Sub 410
74.7Tm
Kr-79 Sub 210
35.04 h
Kr-81 Sub 710%
2.110°y
Kr-83m Sub 0.01
1.83 h
Kr-85m Sub 210°
448 h
Kr-85 Sub 110*
10.72 y
Kr-87 Sub 510%
76.3m
Kr-88 Sub 210%
2.84h
Rubidium
Rb-79 D1 110° 510 1 410*
229 m
Rb-81 D1 510* 210° 1 410
458 h
Rb-81m D1 310° 110* 1 210°
2m
Rb-82m D1 210* 710%¢ 1 1104
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Tabie 1.3, Cont'd.

Inhalation Ingestion
ALl DAC ALl

Nuclide Class/f; MBq MBq/m’ fy MBq
Rb-83 D1 40 0.02 1 20
86.2d ,
Rb-84 D1 30 0.0! 1 20
32.774
Rb-86 D1 30 0.01 1 20
18.66 d
Rb-87 D1 60 0.02 1 40
47100y ,
Rb-88 D1 2000 1 1 700
17.8 m ' .
Rb-89 D1 5000 2 1 1000
15.2m
Strontium
Sr-80 D 0.3 400 0.2 0.3 200
100 m Y 0.01 500 0.2 0.01 200
Sr-81 D 0.3 3000 1 0.3 900
25.5m - Y 0.01 3000 1 0.01 900
Sr-82 D 0.3 10 0.006 0.3 10
25d Y 0.01 3 0.001 0.01 7
Sr-83 D 0.3 300 - 0.1 0.3 100
324h Y 0.01 100 0.05 0.01 80
Sr-85 D 0.3 100 0.04 0.3 90
64.84 d Y 0.01 60 0.02 0.01 100
Sr-85m D 0.3 2 104 9 0.3 8000
69.5m Y 0.01 310 10 0.01 8000
Sr-87m D 0.3 5000 2 0.3 2000
2.805h Y 0.01 6000 2 0.01 1000
Sr-89 D 0.3 30 0.01 0.3 20
50.5d Y 0.0! 5 0.002 0.01 20
Sr-90 D 0.3 0.7 310 0.3 1
29.12y Y 0.01 0.1 6 10° 0.01 20
Sr-91 D 0.3 200 0.09 0.3 80
9.5h Y 0.01 100 0.05 0.01 60
Sr-92 D 0.3 300 0.1 0.3 100
271 h Y 0.01 200 0.1 0.01 100
Yttrium .
Y-86 w110* 100 0.05 110* 50
1474 h Y1104 100 0.05
Y-86m w1104 2000 0.9 110% 800
48 m Y110* 2000 0.8
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Table 1.b, Cont’d.

Inhalation . Ingestion
ALl DAC - ALI
Nuclide Class/f,  #Ci uCi/em’ Cfy uCi
Rb-83 D1 1000 4107 p 600
86.2d
Rb-84 DY 800 3107 1 500
32774 ‘
Rb-86 D1 800 3107 1 500
18.66 d
Rb-87 D1 2000 "~ 6107 1 1000
47100y
Rb-88 Dl 6 10* 310° 1 210*
17.8 m Co
Rb-89 D1 110° 6 107 1 410
15.2m
Strontium
Sr-80 D 0.3 110 510 0.3 4000
100 m Y 0.01 110* 510 0.01 4000
Sr-81 D 0.3 8 10* 310% 0.3 3104
25.5m Y 0.01 8 10* 310° 0.01 210*
Sr-82 D 0.3 400 2107 0.3 300
254d Y 0.0t 90. 410°® 0.01 200
Sr-83 D 0.3 7000 310% 0.3 3000
324 h Y 0.01 4000 110 0.01 2000
Sr-85 D 0.3 3000 110 0.3 3000
64.84 d Y 0.01 2000 6107 0.01 4000
Sr-85m D 0.3 6 10° 310 0.3 210°
69.5m Y 0.01 8 10° 410 0.01 210°
Sr-87m D03 110° 510° 0.3 510
2.805h Y 0.01 210° 6 10° 0.01 4 10
Sr-89 D 0.3 800 4107 0.3 600
50.5d Y 0.01 100 6 10°® 0.01 500
Sr-90 D 0.3 20 8 107 0.3 30
29.12y Y 0.01 4 210° 0.01 400
Sr-91 D 0.3 6000 210% 0.3 2000
9.5h Y 0.01 4000 110% 0.01 2000
Sr-92 D 0.3 9000 410 0.3 3000
271 h Y 0.01 7000 3 10% 0.01 3000
Yttrium ’
Y-86 w110* 3000 110 1 10* 1000
14.74 h Y110t 3000 110%
Y-86m wit0* 610 210°% 1104 210
48 m Y 110* 510 210
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Table 1.a, Cont'd.

Inhalation Ingestion
ALl DAC ALl

Nuclide Class/f; MBq MBq/m’ f, MBq
Y-87 w1 10* 100 0.05 110 80
803 h Y110* 100 0.05
Y-88 w110 9 0.004 110* 40
106.64 d Y1104 9 0.004
Y-90 w110* 30 0.01 110* 20
64.0 h Y110* 20 0.009
Y-90m w1104 500 0.2 110* 300
3.19h Y1104 400 0.2
Y-91 w110t 6 0.003 110 20
58.51d Y1104 4 0.002
Y-91m w110 9000 4 1104 5000
49.71 m Y110* 6000 ' 2
Y-92 w1104 300 0.1 110* 100
3.54 h Y110* 300 0.1
Y-93 w110+ 100 0.04 110% 40
10.1 h Y110* 90 0.04
Y-94 w10t 3000 1 110* 800
19.1 m Y11t 3000 1
Y-95 w110* 6000 2 110¢ 1000
10.7m Y 110* 5000 2
Zirconium '
Zr-86 D 0.002 100 0.06 0.002 50
16.5h W 0.002 100 0.04

Y 0.002 90 0.04
Zr-88 D 0.002 8 0.003 0.002 100
83.4d W 0.002 20 0.007

Y 0.002 10 0.005
Zr-89 D 0.002 100 0.05 0.002 60
78.43 h W 0.002 90 0.04

Y 0.002 90 0.04
Zr-93 D 0.002 0.2 110 0.002 50
1.53 10°%y W 0.002 0.9 410*

Y 0.002 2 9 10
Zr-95 D 0.002 5 0.002 0.002 50
63.98 d W 0.002 10 0.006

Y 0.002 10 0.004
Zr-97 D 0.002 70 0.03 0.002 20
16.90 h W 0.002 50 0.02

Y 0.002 50 0.02
Niobium :
Nb-88 "~ W 0.01 8000 4 0.01 2000
143 m Y 0.01 8000 3
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Table 1.b. Cont'd.

Inhalation Ingestion
JNE DAC ALI
Nuclide Class/f, uCi uCi/em’ f, uCi
Y-87 w1 10* 3000 110° 110 2000
80.3 h Y110* 3000 110°%
Y-88 wW110* 300 1107 1104 1000
106.64 d Y1i10* 200 1107
Y-90 w110 700 3107 110* 400
640 h Y1104 600 3107
Y-90m w110 1104 510 110* 8000
3.19h Y110* 1104 510
Y-91 w110* 200 710 110* 500
58.51d Y 110* 100 510
Y-9im wii10* 210° 110* 110% 110°
49.71m Yiit  210° 710°
Y-92 w110* 9000 - 410¢ 1 10* 3000
3.54h Y110* 8000 310°¢
Y-93 w110 3000 110% 110* 1000
10.1 h Y1 10* 2000 110°%
Y-94 w110t 810 310° 110% 210
19.1 m Y1104 8 104 310°
Y-95 w110* 210° 6 107 110* 410
10.7 m Y110 110° 6107
Zirconium _
Zr-86 D 0.002 4000 210% 0.002 1000
16.5 h W 0.002 3000 110%
Y 0.002 2000 110°
Zr-88 D 0.002 200 9 10°% 0.002 4000
834d W 0.002 500 2107
Y 0.002 300 1 10”7
Zr-89 D 0.002 4000 110% 0.002 2000
78.43 h W 0.002 2000 110%
Y 0.002 2000 110%¢
Zr-93 D 0.002 6 310° 0.002 1000
. 1.5310%y W 0.002 20 110t
Y 0.002 60 210t
© Zr-95 D 0.002 100 510° 0.002 1000
63.98d W 0.002 400 2107
Y 0.002 300 1107
Zr-97 D 0.002 2000 8 107 0.002 600
16.90 h W 0.002 1000 6 107
Y 0.002 1000 5107
Niobium
Nb-88 W 0.01 210° 9107 0.01 510
143 m Y 0.0! 210° 9 107
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Table 1.a, Cont’d.

Inhalation Ingestion
ALl DAC ALI

Nuclide Class/f; MBq MBq/m* fy MBgq

Nb-89 W 0.01 700 0.3 0.01 200

12 m Y 0.01 600 0.2 _

Nb-89 W 0.01 2000 0.6 0.01 400

66 m .Y 0.01 1000 0.6

Nb-90 w 0.01 100 0.04 0.01 40

14.60 h Y 0.01 90 0.04

Nb-93m W 0.01 10 0.03 0.01 300

136y Y 0.01 6 0.003

Nb-94 W 0.01 7 0.003 0.01 40

2.03 10'y Y 0.01 0.6 210

Nb-95 W 0.01 50 0.02 0.01 80

35.15d Y 0.01 40 0.02

Nb-95m W 0.01 100 0.04 0.01 80

86.6 h Y 0.01 80 0.03

Nb-96 W 0.01 100 0.04 0.01 40

23.35h Y 0.01 90 0.04

Nb-97 W 0.01 3000 1 0.01 800

721 m Y 0.01 3000 1

Nb-98 W 0.01 2000 0.8 0.01 500

51.5m Y 0.01 2000 - 0.8

Molybdenum

Mo-90 D 0.8 300 0.1 0.8 200

5.67h Y 0.05 200 0.07 0.05 70

Mo-93 D 0.8 200 0.08 0.8 100

3.510°y Y 0.05 7 0.003 0.05 900
- Mo-93m D08 700 0.3 0.8 300

6.85h Y 0.05 500 0.2 0.05 200

Mo-99 D 0.8 100 0.04 0.8 60

66.0 h Y 0.05 50 0.02 0.05 40

Mo-101 D 0.8 5000 2 0.8 2000

14.62 m Y 0.05 6000 2 0.05 2000

Technetium

Tc-93 D 0.8 3000 1 0.8 1000

2.75h W 0.8 4000 2

Tc-93m D 0.8 6000 2 0.8 3000

43.5m W 0.8 1104 5

Tc-94 D 0.8 700 0.3 0.8 300

293 m W 0.8 900 0.4

Tc-94m D 0.8 2000 0.7 0.8 700

52m W 0.8 2000 0.9
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Table 1.b, Cont'd.

Inhalation Ingestion

, ALl DAL ALl
Nuclide Class/f, uCi uCifem’ f, uCi
Nb-89 W 0.01 210* 8 10°¢ 0.01 5000
122 m Y 0.01 210 610
Nb-89 W 0.01 410 210° 0.01 110
66 m Y 0.0! 410* 210°
Nb-90 W 0.01 3000 110 0.01 1000
14.60 h Y 0.01 2000 110
Nb-93m w 0.0! 2000 8107 0.01 9000
13.6y Y 0.0t 200 710
Nb-94 W 0.01 200 g 10° 0.01 900
20310y Y 0.01 20 6107
Nb-95 W 0.01 1000 5107 0.01 2000
35.154d Y 0.01 1000 5107
Nb-95m W 0.01 3000 - 110% 0.01 2000
86.6 h Y 0.01 2000 9 107
Nb-96 W 0.01 3000 110° 0.0! 1000
23.35h Y 0.01 2000 110%
Nb-97 W 0.01 8 10* 310° 0.01 210
721m Y 0.01 7 10* 310%
Nb-98 W 0.01 5104 2103 0.01 110
51.5m Y 0.01 510% 210°
Molybdenum
Mo-90 D 0.8 7000 310 . 08 4000
5.67h Y 0.05 5000 210 0.05 2000
Mo-93 D 0.8 5000 210 0.8 4000
3510°y Y 0.05 200 8 10% 0.05 2104
Mo-93m D 0.8 2104 710%¢ 0.8 9000
6.85h Y 0.05 110* 6 10° 0.05 4000
Mo-99 D 0.8 3000 110 0.8 2000
66.0 h Y 0.05 1000 6107 0.05 1000
Mo-101 D 0.8 110° 6 10° 0.8 410
14.62 m Y 0.05 110° 6 107 0.05 4104
Technetium
Tc-93 D 0.8 7 104 310° 0.8 3104
2.75h W 0.8 110° 410°
Tc-93m D 0.8 210° 610 0.8 7 104
43.5m W 0.8 310° 110%
Tc-94 D 0.8 2 104 8 10 0.8 9000
293 m W 0.8 2104 110° -
Tc-94m D 0.8 4104 2107 0.8 2104
52m W 0.8 6 10* 2 10°
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Table 1.2, Cont'd.

Inhalation Ingestion
ALl DAC ALl

Nuclide Class/f;, MBq MBq/m’ fy MBq
Tc-95 D 0.8 800 0.3 0.8 400
20h W 0.8 700 0.3
Tc-95m D 0.8 200 0.08 0.8 100
61d W 0.8 70 0.03
Tc-96 D08 100 0.05 0.8 70
4.28d w 0.8 80 0.03
Tc-96m D 0.8 1104 4 0.8 6000
51.5m w 0.8 9000 4
Tc-97 D 0.8 2000 0.8 0.8 1000
2610%y W 0.8 200 0.09
Tc-97m D 0.8 200 0.1 0.8 200
87d w 0.8 40 0.02
Tc-98 D 0.8 60 0.02 0.8 40
4210°%y W 0.8 10 0.005
Tc-99 D08 200 0.08 0.8 100
2.1310°y W 0.8 20 0.01
Tc-99m D 0.8 6000 2 0.8 3000
6.02 h W 0.8 9000 4
Tec-101 D 0.8 110* 5 0.8 3000
142 m W 0.8 110 6
Tc-104 D 0.8 3000 1 0.8 800
18.2 m W 0.8 3000 1
Ruthenium
Ru-94 D 0.05 2000 0.7 0.05 600
51.8m W 0.05 2000 1

Y 0.05 2000 0.9
Ru-97 D 0.05 700 0.3 0.05 300
29d W 0.05 500 0.2

Y 0.05 400 0.2 _
Ru-103 D 0.05 60 0.03 0.05 70
39.28 d W 0.05 40 0.02

Y 0.05 20 0.01
Ru-105 D 0.05 500 0.2 0.05 200
444 h W 0.05 500 0.2

Y 0.05 400 0.2
Ru-106 D 0.05 3 0.001 0.05 7
368.2d W 0.05 2 8 10*

Y 0.05 0.4 210*
Rhodium )
Rh-99 D 0.05 100 0.05 0.05 90
16 d W 0.05 80 0.03

Y 0.05 70 0.03
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Table 1.b, Cont’d.

Inhalation Ingestion
ALI DAC* ALl
Nuclide Class/f, uCi uCifcm? fy uCi
Tc-95 D 0.8 210 910 0.8 110
20h W 0.8 210 8 10°¢ ,
Tc-95m D 0.8 5000 210 0.8 4000
61d W 0.8 2000 8 107
Tc-96 D 0.8 3000 110% 0.8 2000
4284d W08 - 2000 9107
Tc-96m D 0.8 310° 110% 0.8 2 10°
51.5m W 0.8 210° “110%
Tc-97 D 0.8 510 210° 0.8 4104
26 10%y W 0.8 6000 210
Tc-97m D 0.8 7000 310% 0.8 5000
87 d W 0.8 1000 5107
Tc-98 D 0.8 2000 7107 0.8 1000
4210%y W 0.8 300 1107
Tc-99 D 0.8 5000 210% 0.8 4000
213 10%y W 0.8 700 3107
Tc-99m D 0.8 2 10° 6 107 0.8 8 104
6.02h W 0.8 210° 110 :
Tec-101 D08 310° 110 0.8 9 10*
142 m W 0.8 410° 210%
Tc-104 D08 7104 3107 0.8 2 10*
18.2m W 0.8 9 10* 410%
Ruthenium
Ru-94 D 0.05 410! 2103 0.05 2 10*
51.8m W 0.05 610* 310°
_ Y 0.05 6 10¢ 210
Ru-97 D 0.05 2104 8 10 0.05 8000
294d W 0.05 1 10* 510°%
Y 0.05 1 10* 510
Ru-103 D 0.05 2000 7107 ~0.05 2000
39.28 d W 0.05 1000 4107
Y 0.05 600 3107
Ru-105 D 0.05 1104 6 10 0.05 5000
444 h W 0.05 1104 6 10°¢
Y 0.05 110* 510%
Ru-106 D 0.05 90 410 0.05 200
368.2d W 0.05 50 210°%
Y 0.05 10 510°
Rhodium
Rh-99 D 0.05 3000 110% 0.05 2000
16d W 0.05 2000 9 107
Y 0.05 2000 8 107
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Table 1.a, Cont'd.

Inhalation Ingestion
ALI DAC ALl

Nuclide Class/f, MBq  MBq/m’ fi MBq
Rh-99m D 0.05 2000 0.9 0.05 700
47h W 0.05 3000 1 .

Y 0.05 2000 1
Rh-100 D 0.05 200 0.08 0.05 60
208 h W 0.05 100 0.06

Y 0.05 100 0.06
Rh-101 D 0.05 20 0.008 0.05 80
32y W 0.05 30 - 0.01

. Y 0.05 6 0.002

Rh-101m D 0.05 400 0.2 0.05 200
4.34d W 0.05 300 0.1

Y 0.05 300 0.1
Rh-102 D 0.05 3 0.001 0.05 20
29y W 0.05 7 10.003

Y 0.05 2 9 10*
Rh-102m D 0.05 20 0.008 0.05 50
207 d W 0.05 10 0.006

Y 0.05 4 0.002
Rh-103m D 0.05 410 20 0.05 2104
56.12m wo005 510 20

Y 0.05 410* 20
Rh-105 D 0.05 400 0.2 0.05 100
35.36 h W 0.05 200 0.1

Y 0.05 200 0.09
Rh-106m D 0.05 900 0.4 0.05 300
132m W 0.05 1000 0.6

Y 0.05 1000 0.5
Rh-107 D 0.05 9000 4 0.05 3000
21.7m W 0.05 1104 4

Y 0.05 9000 4
Palladium
Pd-100 D 0.005 50 0.02 0.005 50
3.63d W 0.005 50 0.02

Y 0.005 50 0.02 ‘
Pd-101 D 0.005 1000 0.5 0.005 500
8.27h W 0.005 1000 0.5

Y 0.005 1000 - 0.5
Pd-103 D 0.005 200 0.1 0.005 200
16.96 d W 0.005 200 0.07

Y 0.005 100 0.05
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Table 1.b, Cont’d.

Inhalation Ingestion
ALl ‘DAC ALI
Nuclide Class/f, aCi  wCifem’ f, uCi
Rh-99m D 0.05 6 104 2 10° 0.05 210
47h W 0.05 810 3i10% :
Y 0.05 710 310°
Rh-100 D 0.05 5000 210% 0.05 2000
208 h W 0.05 4000 210
Y 0.05 4000 210
Rh-101 D 0.05 500 2107 0.05 2000
3.2y W 0.05 800 3107
, Y 0.05 200 610%
Rh-101m D 0.05 110 510 0.05 6000
4344 W 0.05 8000 410%
Y 0.05 8000 310%
Rh-102 D 0.05 90 410 0.05 600
29y W 0.05 200 710
Y 0.05 60 210°%
Rh-102m D 0.05 500 2107 0.05 1000
207 d W 0.05 400 2107
Y 0.05 100 510"
Rh-103m D 0.05 110° 510% 0.05 410°
56.12m W 0.05 1108 510"
Y 0.0 110%° 510
Rh-105 D 0.05 1104 510%¢ 0.05 4000
35.36 h W 0.05 6000 310°¢
Y 0.05 6000 210°¢
Rh-106m D 0.05 310 110 0.05 8000
132m W 0.05 410* 2107
Y 0.05 4104 110°%
Rh-107 D 0.05 210° 1104 0.05 7 104
21.7m W 0.05 310° 110"
Y 0.05 310° 110*
Palladium
Pd-100 D 0.005 1000 6 107 0.005 1000
3.63d W 0.005 1000 5107
Y 0.005 1000 6107 -
Pd-101 D 0.005 3104 110°% 0.005 110*
8.27h W 0.005 310 110°
Y 0.005 3104 110%
Pd-103 D 0.005 6000 310% 0.005 6000
16.96 d W 0.005 4000 210°
Y 0.005 4000 110%

b
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Table 1.2, Cont’d.

Inhalation Ingestion
ALl DAC ALI

Nuclide Class/f, MBa MBq/m® f, MBq -
Pd-107 D 0.005 800 0.3 0.005 1000
6.510%y W 0.005 300, 0.1

Y 0.005 10 0.006 .
Pd-109 D 0.005 200 0.1 0.005 90
13427 h W 0005 200 0.09

Y 0.005 200 0.07
Silver _
Ag-102 D 0.05 7000 3 0.05 2000
129 m W 0.05 8000 3

Y 0.05 7000 3
Ag-103 D 0.05 4000 2 0.05 1000
65.7m W 0.05 5000 2

Y 0.05 4000 2
Ag-104 D 0.05 3000 1 0.05 800
69.2 m W 0.05 5000 2

Y 0.05 6000 2
Ag-104m D 0.05 4000 1 0.05 1000
33.5m W 0.05 5000 2

Y 0.05 4000 2
Ag-105 D 0.05 40 0.02 0.05 100
41.04d W 0.05 60 - 0.03

Y 0.05 60 0.03
Ag-106 D 0.05 7000 3 0.05 2000
2396 m W 0.05 8000 3

Y 0.05 7000 3
Ag-106m D 0.05 30 0.01 0.05 30
8.41d W 0.05 30 0.01

Y 0.05 30 0.01
Ag-108m D 0.05 7 0.003 0.05 20
127y W 0.05 9 0.004

Y 0.05 0.9 410*
Ag-110m D 0.05 5 0.002 0.05 20
249.9 d W 0.05 7 0.003

Y 0.05 3 0.001
Ag-111 D 0.05 60 0.02 0.05 30
7.45d W 0.05 30 0.01

Y 0.05 30 0.01
Ag-112 D 0.05 300 0.1 0.05 100
3.12h W 0.05 400 0.2

Y 0.05 300 0.1
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Tabie 1.b, Cont’d.

Inhalation Ingestion
ALl DAC ALI

Nuclide Class/f, wCi  wCijem’ f, uCi
Pd-107 D 0.005 210 9 10 0.005 310
6.510%y W 0.005 7000 310°%

Y 0.005 400 2107 .
Pd-109 D 0.005 6000 310% 0.005 2000
13.427h W 0.005 5000 210

Y 0.005 5000 210¢
Silver ‘
Ag-102 D 0.05 210 - 8107 0.05 5104
129m W 0.05 210° 9 10°

Y 0.05 210° 8 10°
Ag-103 D 0.05 1 10° 410% 0.05 410
65.7m W 0.05 110° 5107 '

Y 0.05 110° 5107
Ag-104 D 0.05 7104 '310° 0.05 210*
69.2 m W 0.05 110° 6 10°

Y 0.05 110° 610°
Ag-104m D 0.05 9 10* 410° 0.05 3104
335 m W 0.05 110° 51073

Y 0.05 110° 510%
Ag-105 D 0.05 1000 4107 0.05 3000
41.0d W 0.05 2000 7107

Y 0.05 2000 7107
Ag-106 D 0.05 210° 8107 0.05 6 10
23.96 m W 0.05 210° 9107

Y 0.05 210° 8 107
Ag-106m D 0.05 700 3107 0.05 800
8.41d W 0.05 900 4107 -

Y 0.05 900 4107
Ag-108m D 0.05 200 810 0.05 600
127 y W 0.05 300 1107

Y 0.05 20 110%
Ag-110m D 0.05 100 510° 0.05 500

124994 W 0.05 200 8 10°

Y 0.05 90 410%
Ag-111 D 0.05 2000 6 107 0.05 900
7.45d W 0.05 900 4107

Y 0.05 900 4107
Ag-112 D 0.05 8000 310¢ 0.05 3000
3.12h W 0.05 110 410

Y 0.05 9000 4 10%

i
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“Table 1.a, Cont’d.

Inhalation Ingestion
ALl DAC. ALl
Nuclide Class/f, MBq MBgq/m’ f, MBq
Ag-115 D 0.05 3000 1 0.05 1000
200 m W 0.05 3000 1
Y 0.05 3000 1
Cadmium '
Cd-104 D 0.05 2000 1 0.05 800
57.7m W 0.05 4000 2
Y 0.05 4000 2
Cd-107 D 0.05 2000 0.8 0.05 800
6.49 h W 0.05 2000 0.9
Y 0.05 2000 0.8
Cd-109 D 0.05 1 510* - 0.05 10
464 d W 0.05 4 £ 0.002
Y 0.05 4 0.002
Cd-113 D 0.05 0.08 .310° 0.05 0.8
"9.310%y W 0.05 0.3 110
Y 0.05 0.5 210
Cd-113m D 0.05 0.09 410° 0.05 0.9
136y W 0.05 0.3 110*
Y 0.05 0.5 210*
Cd-115 D 0.05 50 0.02 0.05 30
53.46 h W 0.05 50 0.02
Y 0.05 50 0.02
Cd-115m D 0.05 2 8 10° 0.05 10
44.6d W 0.05 5 0.002
Y 0.05 5 0.002
Cd-117 D 0.05 400 0.2 0.05 200
2.49 h W 0.05 600 0.3
Y 0.05 500 0.2
Cd-117m D 0.05 500 0.2 0.05 200
3.36 h W 0.05 600 0.3
Y 0.05 500 0.2
Indium )
In-109 D 0.02 2000 0.7 0.02 700
42h W 0.02 2000 1
In-110 D002 600 0.3 0.02 200
49 h W 0.02 700 0.3
In-110 D 0.02 2000 0.7 0.02 600
69.1 m W 0.02 2000 09 -
In-111 D 0.02 200 0.1 0.02 200
2.83d w 0.02 200 0.1
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Table 1.b, Cont'd.

Inhalation Ingestion
ALl DAC ALl

Nuclide Class/f;, wCi  uCi/em’ f, uCi
Ag-115 D 0.05 9 104 410° 005 310
200m W 0.05 910* 410°

Y 0.05 8 10* 310°
Cadmium ' .
Cd-104 D 0.05 710 310° 0.05 2104
57.7m W 0.05 110° 510°

Y 0.05 110° 510°
Cd-107 D 0.05 s100 - 210° 005 210
6.49 h W 0.05 6 10% 210°%

Y 0.05 510 2.10°%
Cd-109 D 0.05 40 110%- 0.05 300
464 d W 0.05 100 510

Y 0.05 100 510°
Cd-113 D 0.05 2 9 1010 0.05 20
9.310%y W 0.05 8 3107

Y 0.05 10 6 10°
Cd-113m D 0.05 2 110° 0.05 20
13.6 y W 0.05 8 4107

Y 0.05 10 510°
Cd-115 D 0.05 1000 6 107 0.05 900
53.46 h W 0.05 1000 - 5107

Y 0.05 1000 6107 _
Cd-115m D 0.05 50 2108 0.05 300
44.6d W 0.05 100 510

Y 0.05 100 6 10°
Cd-117 D 0.05 1104 510° 0.05 5000
249 h W 0.05 2104 710

Y 0.05 1104 6 10
Cd-117m D 0.05 110* 510 0.05 5000
3.36 h W 0.05 210 710%

Y 0.05 110 6 10
Indium
In-109 D 0.02 410* 210° 0.02 2104
42 h W 0.02 6 10* 310°
In-110 D 0.02 2104 710% 0.02 5000
49h W 0.02 2104 8 10
In-110 D 0.02 410" 210° 0.02 2 104
69.1 m W 0.02 610 210° -
In-111 D 0.02 6000 310 0.02 4000
2.83d W 0.02 6000 310%
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Table 1.2, Cont’d.

Inhalation Ingestion

ALIL DAC ALl
Nuclide Class/f; MBq MBg/m? f MBq
In-112 D 0.02 210 10 0.02 6000
144 m W 0.02 310 10 }
In-113m D 0.02 5000 2 0.02 2000
1.658 h W 0.02 7000 3
In-114m D 0.02 2 0.001 0.02 10
49.51d w 0.02 4 0.002
In-115 D 0.02 0.05 210° 0.02 1
5.1 108y W 0.02 0.2 8 10
In-115m D 0.02 2000 0.7 0.02 500
4.486 h W 0.02 2000 0.7
In-116m D 0.02 3000 1 0.02 900
54.15m W 0.02 4000 2 :
In-117 D 0.02 6000 3 0.02 2000
438 m w 0.02 8000 3
In-117m D 0.02 1000 0.5 0.02 400
116.5 m w 0.02 2000 0.7
in-119m D 0.02 5000 2 0.02 1000
18.0m w 0.02 5000 2
Tin
Sn-110 D 0.02 400 0.2 0.02 100
40h w 0.02 400 0.2
Sn-111 D 0.02 8000 3 0.02 3000
353m W 0.02 1104 4
Sn-113 D 0.02 50 0.02 0.02 60
115.1d w 0.02 20 0.009
Sn-117m D 0.02 50 0.02 0.02 60
13.61d W 0.02 50 0.02
Sn-119m D 0.02 90 0.04 0.02 100
293.0d W 0.02 40 0.02
Sn-121 D 0.02 600 0.2 0.02 200
27.06 h w 0.02 400 0.2
Sn-121m D 0.02 30 0.0} 0.02 100
55y W 0.02 20 0.008
Sn-123 D 0.02 20 0.0! 0.02 20
129.2 d W 0.02 6 0.003
Sn-123m D 0.02 4000 2 0.02 2000
40.08 m W 0.02 5000 2
Sn-125 D 0.02 30 0.01 0.02 10
9.64 d w 0.02 10 0.005
Sn-126 D 0.02 2 9 10™ 0.02 10
1.010°y W 0.02 2 0.001
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Table 1.b, Cont’d.

Inhalation Ingestion

ALI DAC’ ALI
Nuclide Class/f) uCi uCi/cm? | uCi
In-112 D 0.02 6 10° 310* 0.02 210°
144 m W 0.02 710° 310*
In-113m .D0.02 110° 6 10° 0.02 510
1.658 h W 0.02 210° 8 107
In-114m D 0.02 60 310t 0.02 300
49.51d W 0.02 100 410
In-115 D 0.02 1 61010 0.02 40
5.110%y W 0.02 5 210°
In-115m D 0.02 410* 210° 0.02 110*
4.486 h W 0.02 5 10 210°
In-116m D 0.02 8 10 310° 0.02 2104
54.15m W 0.02 110° 5107
In-117 D 0.02 210° 7 107 0.02 6 104
438 m W 0.02 210° 9107
In-117m D 0.02 3104 110° 0.02 110
116.5m W 0.02 410* 2107
In-119m D 0.02 110° 5107 0.02 410*
18.0 m W 0.02 110° 6 107
Tin )
Sn-110 D 0.02 110* 510 0.02 4000
40h W 0.02 1104 510
Sn-111 D 0.02 210° 910° 0.02 7104
353 m W 0.02 310° 1 104
Sn-113 D 0.02 1000 5107 1 0.02 2000
115.1d W 0.02 500 2107
Sn-117m D 0.02 1000 5107 0.02 2000
13.61d W 0.02 1000 6 107
Sn-119m D 0.02 2000 110¢ 0.02 3000
293.0d w 0.02 1000 4107
Sn-121 D 0.02 2104 6 10 0.02 6000
27.06 h W 0.02 110 510°
Sn-121m D 0.02 900 4107 0.02 3000
55y W 0.02 500 2107
Sn-123 D 0.02 600 3107 0.02 500
129.2d W 0.02 200 7 10®
Sn-123m D 0.02 110° 5107 0.02 510
40.08 m W 0.02 110° 610
Sn-125 D 0.02 900 4107 0.02 400
9.64 d w.0.02 400 1107
Sn-126 D 0.02 60 210" 0.02 300
1.010°y W 0.02 70 310°%
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Table 1.a, Cont'd.

Inhalation Ingestion
ALl DAC’ ALl

Nuclide Class/f, MBq MBq/m’ f, MBq
Sn-127 ~D0.02 700 0.3 0.02 300
2.10h w 0.02 700 0.3 ,
Sn-128 D 0.02 1000 0.4 - 0.02 400
59.1 m W 0.02 1000 0.6
Antimony
Sb-115 D 0.1 9000 4 0.1 3000
31.8m W 0.01 110* 5 0.01 3000
Sb-116 D 0.1 110 4 0.1 3000
158 m W 0.01 1104 5 0.01 3000
Sb-116m D 0.1 3000 1 0.1 800
60.3 m w 0.01 5000 2 0.01 800
Sb-117 DoO.1 8000 3 0.1 3000
2.80h W 0.01 110* 4 0.01 3000
Sb-118m D 0.1 700 0.3 0.1 200
5.00 h w 0.01 800 0.3 0.01 200
Sb-119 D 0.1 2000 0.7 0.1 600
38.1h W 0.01 1000 0.4 0.01 500
Sb-120 D 0.1 2104 i 0.1 4000
15.89 m W 0.01 2 10* 8 0.01 4000
Sb-120 D o0.1 80 0.03 0.1 40
5.76 d W 0.01 50 0.02 0.01 30
Sb-122 D 0.1 90 0.04 0.1 30
2.70d W 0.01 40 0.02 0.01 30
Sb-124 D 0.1 30 0.01 0.1 20
60.20 d W 0.01 9 0.004 0.01 20
-Sb-124m D 0.1 3 104 10 0.1 9000
93s w 0.01 2104 9 0.01 9000
Sb-125 D 0.1 90 0.04 0.1 80
277y W 0.01 20 0.008 ~0.0! 70
Sb-126 D 0.1 40 0.02 0.1 20
1244d W 0.01 20 0.008 0.01 20
Sb-126m DO.1 7000 . 3 0.1 2000
19.0 m W 0.01 7000 3 0.01 2000
Sb-127 D 0.1 80 0.03 0.1 30
3.85d w 0.01 30 0.0! 0.01 30
Sb-128 Do0.1 110* 6 0.1 3000
104 m W 0.01 2 104 7 0.01 3000
Sb-128 D 0.1 200 0.07 0.1 50
901 h w 0.01 100 0.05 0.01 40
Sb-129 . DO.} 300 0.1 0.1 100
432h W 0.01 300 0.1 0.01 100
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Table 1.b, Cont'd.

Inhalation Ingestion

ALl DAC ALl
‘Nuclide Class/f, uCi uCifem? f, uCi
Sn-127 D 0.02 210 8 10 0.02 7000
2.10h w 0.02 210* 8 10° :
Sn-128 D 0.02 3104 110% 0.02 9000
59.1m W 0.02 410* 110%
Antimony '
Sb-115 D 0.1 210° 110 0.1 8 10*
31.8m W 0.01 310° 110* 0.01 8 10¢
Sb-116 D 0.1 310° 110* 0.1 7104
15.8 m W 0.01 310° 110* 0.01 7104
Sb-116m Do. 710* 310° 0.1 2 104
60.3m W 0.01 110° 610° 0.01 210*
Sb-117 Do.1 210° 910°% 0.1 710
280 h W 0.0 3100 110t 001 710
Sb-118m D 0.1 210 8 10% 0.1 6000
5.00 h W 0.01 2104 9 10 0.01 5000
Sb-119 D 0.1 5104 210° 0.1 2104
38.1h W 0.01 3104 110° 0.01 110*
Sb-120 D 0.1 410° 210 0.1 110°
15.89 m W 0.0} 5 10° 210 0.01 110°
Sb-120 D 0.1 2000 9107 0.1 1000
5.76 d W 0.01 1000 5107 0.01 900
Sb-122 D 0.1 2000 110°% 0.1 800
2.70d W 0.01 1000 4107 0.01 700
Sb-124 Do0.1 900 4107 0.1 600
60.20 d W 0.01 200 1107 0.01 500
Sb-124m D 0.1 8 10° 410* 0.1 310°
93s W 0.01 6 10° 210* 0.01 2 10°
Sb-125 D 0.1 2000 110% 0.1 2000
277y W 0.01 500 2107 0.0t 2000
Sb-126 D 0.1 1000 5107 0.1 600
12.4d W 0.01 500 2107 0.01 500
Sb-126m D 0.1 210° g8 10° 0.1 5104
190 m W 0.01 210° 8 10° 0.01 510*
Sb-127 D 0.1 2000 9107 0.1 800
3.85d W 0.01 900 4 107 0.01 700
Sb-128 D 0.1 410° 210 0.1 8 104
104 m W 0.01 410° 210 0.01 8 10*
Sb-128 Do0.1 4000 210° 0.1 1000
9.01 h W 0.01 3000 110% 0.01 1000
Sb-129 D 0.1 9000 410% 0.1 3000
4.32h W 0.01 9000 410% 0.01 3000
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Table 1.a, Cont’d.

Inhalation Ingestion

ALl DAC" ALI
Nuclide Class/fy MBq MBq/m’ f, MBq
Sb-130 D 0.1 2000 1 0.1 700
40 m W 0.01 3000 1 0.01 700
Sb-131 DOl 900 0.4 0.1 600
23m W 0.01 900 0.4 0.01 600
Tellurium
Te-116 D 0.2 800 0.3 0.2 300
249 h W 0.2 1000 0.5
Te-121 D 0.2 200 0.06 0.2 100
17d W 0.2 100 0.05
Te-121m D 0.2 7 0.003 0.2 20
154 d W 0.2 20 0.006
Te-123 D 0.2 7 0.003 0.2 20
1108y w 0.2 20 0.007
Te-123m " DO.2 8 0.003 0.2 20
119.7d w 0.2 20 0.008
Te-125m D 0.2 20 0.006 0.2 40
58 d W 0.2 30 0.01
Te-127 D 0.2 800 0.3 0.2 300
9.35h W 0.2 600 0.3
Te-127m D 0.2 10 0.004 0.2 20
109 d W 0.2 9 0.004
Te-129 D 0.2 2000 1 0.2 1000
69.6 m W 0.2 3000 1
Te-129m D 0.2 20 0.01 0.2 20
33.6d W 0.2 9 0.004
Te-131 D 0.2 200 0.08 0.2 100
25.0 m w 0.2 200 0.08
Te-131m D 0.2 20 0.006 0.2 10
30h W 0.2 10 0.006
Te-132 DO0.2 9 0.004 0.2 8
78.2 h w 0.2 8 0.003
Te-133 D 0.2 800 0.4 0.2 500
1245 m w 0.2 800 0.4
Te-133m Do0.2 200 0.08 0.2 100
55.4 m w 0.2 200 0.08
Te-134 D 0.2 900 0.4 0.2 600
418 m W 0.2 900 0.4

~ Todine

1-120 D1 300 0.1 1 100
81.0m
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Table 1.b, Cont’d.

Inhalation Ingestion

ALl DAC ALI
Nuclide Class/f, uCi uCi/em? f) uCi
Sb-130 D 0.1 6 10* 310° 0.1 2 10¢
40 m W 0.01 g8 10* 3107 0.01 2104
Sb-131 DoO.l 2104 1103 0.1 1104
23m W 0.0 2104 110° 0.01 110*
Tellurium )
Te-116 D 0.2 2 10 910 0.2 8000
249 h W 0.2 310! 110°%
Te-121 D0.2 4000 210 0.2 3000
17d W 0.2 3000 110%
Te-121m D 0.2 200 8 10? 0.2 500
154 d w 0.2 400 2107
Te-123 D 0.2 200 8 10 0.2 500
1108y W 0.2 400 2107
Te-123m D 0.2 200 910* 0.2 600
119.7 d W 0.2 500 2107
Te-125m D 0.2 400 2107 0.2 1000
58d W 0.2 700 3107
Te-127 D 0.2 2104 9 10 0.2 7000
9.35h w 0.2 2104 7 10¢
Te-127m D 0.2 300 1107 0.2 600
109 d w 0.2 300 1107
Te-129 D 0.2 6 10* 310° 0.2 3104
69.6 m W 0.2 7104 310°
Te-129m D 0.2 600 3107 0.2 500
33.6d W 0.2 200 1107
Te-131 Do.2 5000 210° 0.2 3000
250 m w 0.2 5000 210®
Te-13Im D 0.2 400 2 107 0.2 300
30 h w 0.2 400 2107
Te-132 D 0.2 200 9 10 0.2 200
782 h w 0.2 200 910°®
Te-133 D 0.2 2104 9 10 0.2 1 10*
1245m W 0.2 210 9 10°
Te-133m D 0.2 5000 210 0.2 3000
554 m W 0.2 5000 210%
Te-134 D 0.2 2 10 110% 0.2 210*
418 m W 0.2 210 110
lodine
1-120 D1 9000 410" 1 4000

-81.0m
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Tab}e 1.a, Cont'd.

Inhalation Ingestion

ALI DAC’ ALl
Nuclide Class/f, MBq  MBy/m’ f, MBq
[-120m D1 800 0.3 1 400
S3m
I-121 D1 700 0.3 1 400
2.12h
1-123 D1 200 0.09 1 100
13.2h
I-124 D1 3 ~0.001 1 2
4.18 d :
I-125 D1 2 0.001 1 1
60.14 d ’
I-126 D1 1 5 10 1 0.8
13.02d _
I-128 D1 4000 2 1 2000
2499 m
1-129 D1 0.3 110 1 0.2
1.57 10"y
1-130 D1 30 0.01 1 10
12.36 h
1-131 DI 2 7 10* 1 1
8.04 d
1-132 D1 300 0.1 1 100
2.30 h A
I-132m D1 300 0.1 1 100
83.6m
I-133 D1 10 0.004 1 5
208 h
1-134 DI 2000 0.7 1 800
52.6 m
1-135 DI 60 0.02 1 30
6.61 h
Xenon
Xe-120 Sub 0.4
40 m
Xe-121 Sub 0.08
40.1 m
Xe-122 Sub 3
20.1 h
Xe-123 Sub 0.2
208 h
Xe-125 Sub 0.6
170 h
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Table 1.b, Cont'd.

170 h

40

Inhalation Ingestion
ALl .DAC ALl

Nuclide Class/f, uCi uCi/em? f, uCi
[-120m D1 2104 910 1 110
S3m
I-121 D1 210 8 10% 1 1104
2.12h
I-123 D1 6000 310% 1 3000
13.2h
I-124 Di 80 310* 1 50
4.184d
1-125 D1 60 310% 1
60.14 d : '
I-126 D1 40 110% 1 20
13.02d :
1-128 D1 110% 510% 1 410
2499 m
1-129 DI 9 410° 1 5
1.57107y
I-130 D1 700 3107 1 400
12.36 h
1-131 DI 50 210° 1 30
8.04 d ' :
1-132 DI 8000 310° 1 4000
2.30h
[-132m D1 8000 410%* 1 4000
83.6m
1-133 D! 300 i 107 1 100
208 h
1-134 D1 5104 210° 1 2104
52.6m
I-135 D1 2000 7107 1 800
6.61 h
Xenon

. Xe-120 Sub 110
40 m
Xe-121 Sub 210°
40.1 m
Xe-122 Sub 7103
20.1 h :
Xe-123 Sub 6 10°
208 h
Xe-125 Sub 210
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Table 1.a, Cont'd.

Inhalation Ingestion

ALl DAC ALl
Nuclide Class/f, MBaq MBg/m’ f, MBq
Xe-127 Sub 0.5
36.41d
Xe-129m Sub 7
8.0d
Xe-131m Sub 10
11.9d
Xe-133m Sub 5
2.188 d
Xe-133 Sub 4
5.245d
Xe-135m Sub 0.3
15.29 m v
Xe-135 Sub 0.5
9.09 h
Xe-138 Sub 0.1
14.17 m
Cesium
Cs-125 D1 5000 2 1 2000
45 m
Cs-127 D1 4000 1 1 2000
6.25h
Cs-129 D1 1000 0.5 1 900
3206 h
Cs-130 D1 7000 3 1 2000
299 m
Cs-131 D1 1000 0.5 1 800
9.69d
Cs-132 D1 100 0.06 1 100
6.475d
Cs-134 D1 4 0.002 1 3
2062y
Cs-134m D1 5000 2 1 4000
290 h
Cs-135 D1 40 0.02 1 30
23100y
Cs-135m D1 7000 3 1 4000
53m
Cs-136 D1 20 0.01 1 20
13.1d
Cs-137 D1 6 0.002 1 4

300y
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Table 1.b, Cont'd.

300y

Inhalation Ingestion
ALl DAC ALl

Nuclide Class/f, uCi uCi/cm? f, uCi
Xe-127 Sub 110°

36.41d

Xe-129m Sub 2 10%

8.0d

Xe-131m Sub 410*

1194

Xe-133m Sub 110

2.188 d _

Xe-133 Sub 110*

5.245d i

Xe-135m Sub 9 10

15.29 m

Xe-135 Sub 1107

9.09 h '

Xe-138 Sub 410

1417 m

Cesium

Cs-125 D1 110° 6 10° 1 510
45 m

Cs-127 D1 9 10* 410° 1 6 10*
6.25h

Cs-129 D1 310 110° 1 210
32.06 h

Cs-130 D1 210° 8 10 1 6 10*
299 m .

Cs-131 D1 310* 11073 1 2 10*
9.69 d

Cs-132 DI 4000 210 1 3000
6.475d

Cs-134 D1 100 410°% 1 70
2062y

Cs-134m D1 110° 6 107 1 110°
290 h

Cs-135 D1 1000 5107 1 700
2.310%y

Cs-135m D1 210° 8 107 1 110°
S3m
- Cs-136 D1 700 3107 1 400
13.1d

Cs-137 D1 200 6 10°* 1 100

i
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Table 1,a, Cont'd.

Inhalation Ingestion
ALl DAC ALl

Nuclide Class/fy MBq MBq/m* fi MBq
Cs-138 D! 2000 0.9 1 700
322m
Barium
Ba-126 D 0.1 600 0.2 0.1 200
96.5m
Ba-128 Do.1 70 0.03 0.1 20
243d ,
Ba-131 D 0.1 300 0.1 0.1 100
11.8d
Ba-131m D 0.1 510 - 20 0.1 110
14.6 m ’
Ba-133 D 0.1 30 0.01 0.1 60
10.74 y

. Ba-133m D 0.1 300 0.1 0.1 90
389h
Ba-135m D 0.1 400 0.2 0.1 100
28.7h
Ba-139 D 0.1 1000 0.5 0.1 500
82.7m
Ba-140 D 0.1 50 0.02 0.1 20
12.74d
Ba-141 Do.1 3000 1 0.1 900
18.27 m
Ba-142 D 0.1 5000 2 0.1 2000
10.6 m
Lanthanum
La-131 D 0.001 4000 2 0.001 2000
59m W 0.001 6000 3
La-132 D 0.001 400 0.2 0.001 100
48h W 0.001 400 0.2 _
La-135 D 0.001 4000 2 0.001 1000
19.5h W 0.00! 4000 1
La-137 D 0.001 2 0.001 0.001 400
610y W 0.001 10 0.004
La-138 D 0.001 0.1 510% 0.001 30
1.35 10 y W 0.001 0.5 210
La-140 D 0.001 50 0.02 0.001 20
40.272 h W 0.001 40 0.02
La-141 D 0.001 300 0.1 0.001 100
393 h "~ W 0.001 400 0.2
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Table 1.b, Cont’d.

Inhalation Ingestion
ALI DAC ALl

Nuclide Class/f, uCi uCifem® ) uCi
Cs-138 D1 6 10 210 1 210!
322m
Barium )
Ba-126 D 0.1 2 10 6 10% 0.1 6000
96.5 m :
Ba-128 DOl 2000 7107 0.1 500
2.43d
Ba-131 DOl 8000 310% 0.1 3000
11.8d
Ba-13lm D 0.1 110° 6 10* 0.1 410°
146 m .
Ba-133 D 0.1 700 3107 0.1 2000
10.74 y
Ba-133m Do0.1 9000 - 4 10% 0.1 2000
389 h

- Ba-135m Do.l 110 510 0.1 3000
28.7h .
Ba-139 D 0.l 310 110° 0.1 110
82.7m
Ba-140 D 0.1 1000 6 107 0.1 500
12.74 d
Ba-141 D 0.1 7104 3103 0.1 2104
18.27 m
Ba-142 D 0.1 110° 6 10° 0.1 510
106 m
Lanthanum
La-131 D 0.001 110° 5103 0.001 510
59 m wooo1  210° 710° ‘
La-132 D 0.001 110* 410 0.001 3000
48 h W 0.001 1104 510
La-135 D 0.001 110° 41073 0.001 410
19.5h W 0.001 9 104 4107
La-137 D 0.001 60 310°® 0001 110
610y W 0.001 300 1107
La-138 D 0.001 4 110° 0.001 900
1.35 101 y W 0.001 10 6107
La-140 D 0.001 1000 6 107 0.001 600
40.272 h W 0.001 1000 5107
La-141 D 0.001 9000 410 0.001 4000
393 h W 0.001 110* 510%
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Table 1.a, Cont'd.

Inhalation Ingestion

ALl DAC ALl
Nuclide Class/f, MBq MBq/m’ f) MBq
La-142 D 0.001 800 0.3 0.001 300
92.5m W 0.001 1000 0.5
La-143 ‘D 0.001 4000 2 0.001 1000
1423 m W 0.001 3000 1
Cerium :
Ce-134 w3 10% 30 0.01 310 20
720h Y 310* 20 0.01
Ce-135 w310% 100 0.06 310 60
17.6 h Y 310* 100 0.05
Ce-137 w3 10* 5000 2 3104 2000
90h Y 310* 5000 2
Ce-137m w310% 200 0.07 310" 90
344 h Y 310* 100 0.06
Ce-139 w310% 30 0.0t 310 200
137.66 d Y 310* 20 0.01
Ce-141 w3 10* 30 0.01 310* 60
32.501 d Y 310 20 0.009
Ce-143 w3 10* 70 0.03 310* 40
330h Y 310 60 0.02
Ce-144 w310 0.9 - 410* 310% 8
284.3d Y 310* 0.5 210* ~
Praseodymium
Pr-136 W 310 9000 4 310* 2000
13.1m Y 310* 8000 3
Pr-137 W 310* 6000 2 310* 1000
76.6 m Y 310* 5000 2
Pr-138m w3 10* 2000 0.8 310 400
2.1h ‘Y 310 2000 0.7
Pr-139 w310 4000 2 310* 1000
451 h Y 310° 4000 2
Pr-142 w3 10% 80 0.03 310% 40
19.13 h Y 310* 70 0.03
Pr-142m w3 10* 6000 3 310* 3000
14.6 m Y 310 5000 2
Pr-143 w310 30 0.01 310 30
13.56 d Y 310* 20 0.01
Pr-144 w3 10* 5000 2 310% 1000
17.28 m Y 310* 4000 2
Pr-145 w310* 300 0.1 310 100
598 h Y 310* 300 0.1
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Table 1.b, Cont’d.

Inhalation Ingestion
ALl DAC ALI

Nuclide Class/f, uCi uCifem? f, uCi

La-142 D 0.001 2104 9 10¢ 0.001 8000

92.5m W 0.001 3104 110%

La-143 D 0.00! 110° 410° 0.001 410

1423 m W 0.00! 9 10* 4107

Cerium

Ce-134 w 310 700 3107 310 500

72.0h Y 310% 700 3107

Ce-135 W 3104 4000 210 3104 2000

176 h Y 310* 4000 110¢

Ce-137 w310 110° 6 10° 3104 510

9.0h Y 310* 110° 5107 |

Ce-137m W 310* 4000 210¢ 310* 2000

344 h Y 310* 4000 . 210%

Ce-139 w310 800 3107 3104 5000

137.66 d Y 310* 700 3107

Ce-141 W 310* 700 3107 3104 2000

32,501 d Y 310 600 2107

Ce-143 w3 10* 2000 8 107 310* 1000

330h Y 310 2000 7107

Ce-144 w 310* 30 110 310 200

284.3d Y 310 10 6 10?7

Praseodymium

Pr-136 wi3i10* 210° 110* 3104 510

13.1'm Y 310* 210° 9103

Pr-137 w3t 210° 610° 310 410

76.6 m Y 310* 110° 6 10°

Pr-138m w310*  510* 210% 310* 1104

2.1h Y310* T 410 210°

Pr-139 w3io* 110 5100 310* 410

451 h Y 310* 110° 5107

Pr-142 w310 2000 9 107 310 1000
.19.13 h Y 310* 2000 8107

Pr-142m w3104 210° 7103 3104 810

14.6 m Y 310 110° 6 10

Pr-143 w310 800 3107 310 900

13.56 d Y 310 700 3107

Pr-144 w310* 110 510 310 310

17.28 m Y 3 10° 110° 510

Pr-145 wW310*% 9000 4 10¢ 3104 3000

598 h Y 310 8000 310¢
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Table 1.3, Cont’d.

Inhalation Ingestion

ALl DAC - ALI
Nuclide Class/fy MBq MBq/m® fy MBq
Pr-147 w3104 7000 3 3104 2000
13.6m Y 310* 7000 3
Neodymium '
Nd-136 W 310% 2000 0.9 310° 600
50.65 m Y 310 2000 0.8
Nd-138 w 310* 200 0.1 310 70
504 h Y 310 200 0.08
Nd-139 w 310 110 5 310* 3000
29.7.m Y 310* 1104 5
Nd-139m w310* 600 0.3 310 200
55h Y 310% 500 0.2
Nd-141 w 310 310* 10 3104 6000
249 h Y 310 2104 9
Nd-147 w 3104 30 0.01 310 40
1098 d Y 310 30 0.01 :
Nd-149 w3 10* 1000 0.4 310*
1.73h Y 310* 900 0.4
Nd-151 w310* 7000 3 310% 3000
1244 m Y 310 7000 3
Promethium
Pm-141 w3 10% 7000 3 3104 2000
20.90 m Y 310* 6000 3
Pm-143 w 310% 20 0.009 310 200
265d Y 310% 30 0.01
Pm-144 w310 4 0.002 310 50
363 d Y 310% 4 0.002
Pm-145 w 310 7 0.003 310% 400
177y Y310 7 0.003
Pm-146 w 310 2 8 10* 310 60
2020 d Y 310* 2 710*
Pm-147 w3 10* 5 0.002 310 200
2.6234 y Y 310 5 0.002
Pm-148 w 310 20 0.008 310* 20
5.37d Y 310 20 0.008
Pm-148m w310 10 0.004 310% 30
41.3d Y 310* 10 0.005
Pm-149 w310* 70 0.03 310% 40
53.08 h Y 310* 70 0.03
Pm-150 w310% 700 0.3 310* 200
2.68 h Y 310 600 0.3




——— v -

7

Table 1.b, Cont'd.

Inhalation Ingestion

ALl DAGC ALl
Nuclide Class/f, uCi uCi/em? f, uCi
Pr-147 wi3ilo* 210 8 10 310 Ss10*
13.6 m Y 310* 210° 8 10
Neodymium
Nd-136 wW310* 610* 210° 310* 110
50.65 m Y 310* 5104 210°
Nd-138 w3 10* 6000 310% 3104 2000
504 h Y 3104 5000 210%
Nd-139 w3i0* 310 110 310 910!
29.7m Y 310* 310° 1107
Nd-139m wi3io*t 210! 710 310* 5000
55h Y 310* 110 6 10
Nd-141 wi3io* 710 310* 3104 210
249 h Y 310* 6 10° 310*
Nd-147 w310 900 4107 310 1000
10.98 d Y 310* 800 4107
Nd-149 w3t 310! 110° 310¢ 110
1.73 h Y 310* 2 10* 1103
Nd-151 w310*  210° 8 10 310 710*
12.44 m Y 3i0* 210° g 10
Promethium ‘ .
Pm-141 w3t 210° 8107 310% 5104
20.90 m Y 310* 210° 710%
Pm-143 w 310* 600 2107 310* 5000
265d Y 310* 700 3107
Pm-144 W 3 10* 100 510°® 310% 1000
363 d Y 310 100 510°® ’
Pm-145 W 310* 200 710% 310* 110
17.7y Y 310° 200 8 10
Pm-146 W 310% 50 2 10°® 310 2000
2020d Y 310* 40 210t
Pm-147 w310* 100 510°% 310% 4000
26234y Y 310* 100 6 10°*
Pm-148 w310 500 2107 310% 400
5.37d Y 310* 500 2107
Pm-148m w310 300 1107 310 700
41.3d Y 310% 300 1107
Pm-149 w 310 2000 8 107 310% 1000
53.08 h Y 310* 2000 8107
Pm-150 w3t 210 8 10 310* 5000
2.68 h Y 310* 2104 710%

i
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Tabie l.a, Cont'd.

Inhalation Ingestion

ALl DAC ALl
Nuclide Class/fy MBq MBg/m’ f, MBgq
Pm-151 w310* 100 0.06 310 70
28.40 h vy 310* 100 0.05
Samarium _
Sm-141 w310* 7000 3 310* 2000
10.2m '
Sm-141m w3 10* 4000 2 310* 1000
226m
Sm-142 w310* 1000 0.4 310" 300
7249 m
Sm-145 w3 10* 20 0.008 310 200
340 d
Sm-146 w 310 0.001 6 107 310% 0.5
1.03 10*y
Sm-147 w 310* 0.001 6107 310 0.6
1.06 10" y
Sm-151 w310* 4 0.002 310 500
90 y
Sm-153 W 310* 100 0.04 310 60
46.7h
Sm-155 w 310 8000 - 3 310 2000
22.1m
Sm-156 w 310 300 0.1 3104 200
94h
Europium
Eu-145 W 0.001 70 0.03 0.001 60
5.94d
Eu-146 W 0.001 50 0.02 0.001 40
4614d
Eu-147 w 0.001 60 0.03 0.001 100
24 d
‘Eu-148 W 0.001 10 0.008 0.001 40
54.5d :
Eu-149 W 0.001 100 0.05 0.001 400
93.1d
Eu-150 W 0.001 300 0.1 0.001 100
1262 h
Eu-150 W 0.001 0.7 310 0.001 30
342y
Eu-152 W 0.001 0.9 410 0.001 30
13.33y
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Table 1.b, Cont'd.

Inhalation Ingestion
- ALI DAC® ALI
Nuclide Class/f, uCi uCi/em® O f uCi
Pm-151 W 310* 4000 110%¢ 3104 2000
28.40 h Y 310 3000 110%
Samarium ]
Sm-141 w3t  210° 8 10° 310% 510*
10.2 m :
Sm-141m w3t 110° 4 10° 3104 310
226 m
Sm-142 w30t 310 " 110° 3104 8000
: 72.49 m
’ Sm-145 w310 500 2107 310* 6000
340 d
Sm-146 w 310 0.04 110" 310* 10
' 1.0310%y .
; ' Sm-147 w3 10* 0.04 210 310% 20
1.06 10! y
) Sm-151 w310 100 410 310% 1 10*
90y
Sm-153 w310* 3000  110° 310* 2000
, 46.7h
Sm-155 wi3i0* 210 ¢ 910 310* 610*
22.1m
: Sm-156 w310 9000 410 310* 5000
) 94h
) Europium
Eu-145 W 0.001 2000 8107 0.001 2000
’ _  594d
' Eu-146 w0001 1000 5107 0001 1000
4614d
} Eu-147 W 0.001 2000 7107 0.001 3000
) 24 d
' Eu-148 W 0.001 400 1107 0.001 1000
54.5d
Eu-149 W 0.001 3000 110 0.001 110
\ 93.1d
Eu-150 W 0.001 8000 410% 0.001 3000
12.62 h
' Eu-150 W 0.001 20 8 10° 0001 800
' 342y '
) Eu-152 W 0.001 20 110°% 0.001 800
13.33y
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Table 1.a, Cont'd.

17.6 h

Inhalation Ingestion
ALl - DAC ALl

Nuclide Class/f, MBq MBq/m’ fy MBq
Eu-152m W 0.001 200 0.1 0.001 100
9.32h :
Eu-154 W 0.001 0.7 310* 0.001 20
88y
Eu-155 W 0.001 3 0.001 0.001 100
496y
Fu-156 W 0.001 20 0.007 0.001 20
15.19d _
Eu-157 W 0.001 200 0.08 0.001 80
15.15h . - :
Eu-158 W 0.001 2000 0.9 0.001 700
459 m
Gadolinium )
Gd-145 "D310* 6000 2 310* 2000
229m w3 10* 6000 3
Gd-146 D 310" 5 0.002 310 50
48.3 d w310 10 0.004
Gd-147 D 310 200 0.06 310* 70
38.1 h w3 10-_‘ 100 0.05
Gd-148 D310 310 1107 310 0.4
93y w310 0.001 5107
Gd-149 D310* 80 0.03 310 100
94d w3 10* 90 0.04
Gd-151 D 310* 10 0.006 310 200
120d w310 40 0.02
Gd-152 D310 4 10* 2107 310% 0.6
1.08 10My w 3 10 0.002 6 107
Gd-153 D 310 5 0.002 310* 200
2424 w310* 20 0.009

" Gd-159 D 310 300 0.1 310 100
18.56 h w 3 10* 200 0.09
Terbium .
To-147 w310* 1000 0.5 310 300
1.65h
Tb-149 w310* 30 0.01 3104 200
415h
Tb-150 w310% 800 0.3 310 200
327h
Tb-151 w3104 300 0.1 310* 100

'
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Table 1.b, Cont'd.

Inhalation Ingestion
ALl - DAC ALl

Nuclide Class/f; nCi uCi/em’ f, uCi
Eu-152m W 0.001 6000 310% 0.001 3000
9.32h
Eu-154 W 0.001 20 8 10° 0.001 500
88y
Eu-155 W 0.001 90 410" 0.001 4000
496y
Eu-156 W 0.001 500 2107 0.001 600
15.19d »
Eu-157 W 0.001 5000 210% 0.001 2000
15.15h : :
Fu-158 W 0.001 6 10* 210% o001 210
459 m :
Gadolinium ]
Gd-145 D310* 210 6 10° 310* 510
229 m w3t 210 710%
Gd-146 D310* 100 510° 310* 1000
48.3d w3 10* 300 1107
Gd-147 D310* 4000 210% 3104 2000
38.1h W 310 4000 110
Gd-148 D310* 0.008 31012 310% 10
93y w310* 0.03 110"
Gd-149 D 310* 2000 9107 310% 3000
9.4d w310 2000 110%
Gd-151 D 310* 400 2107 310* 6000
120d w3104 1000 5107
Gd-152 D 310* 0.01 410" 310 20
1.08 10y w 310* 0.04 2 10"
Gd-153 D3 10* 100 6 10°® 3104 5000
242 d w 3 10 600 2 107
Gd-159 D 310* 8000 310 3104 3000
18.56 h w310 6000 210
Terbium
Tb-147 wi3lo* 310! 110° 310* © 9000
1.65h
Tb-149 w 310" 700 3107 310 5000
4.15h
Tb-150 w310* 210 9 10 310* 5000
3.27h
Tb-151 9000 410% 3104 4000

17.6 h

w3 10*
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Table 1.a, Cont’d.

25h

Inhalation Ingestion
ALl DAC ALI
Nuclide Class/f, MBq MBq/m’ f, MBq
Tb-153 w310 300 0.1 310 200
2.34d .
Tb-154 w-3 10* 200 0.07 310* 60
214h .
Tb-155 w 310* 300 0.1 310* 200
5.32d
Tb-156 w3 10* 50 0.02 310* 40
5.34d
Tb-156m w3 10* 300 0.1 310 300
244 h ’
Tb-156m w3 10* 1000 04 310% 600
50h
Tb-157 w310 10 . 0.005 310* 2000
150 y
Tb-158 . w 310* 0.7 310 310 50
150y
Tb-160 w310* 8 0.004 310* 30
72.3d
Tb-161 w 310 60 0.02 310* 60
691 d :
Dysprosium :
Dy-155 W 310* 900 0.4 310* 300
100 h
Dy-157 w310 2000 1 310" 700
8.1h
Dy-159 w 310 90 0.04 310 500
. 144.4d _
Dy-165 w3 10* 2000 0.7 310% 500
2.334 h
Dy-166 w310* 30 0.01 310% 20
81.6 h
Holmium
Ho-155 w3 10* 6000 2 310% 2000
48 m
Ho-157 W 310* 510* 20 310 110
126 m ‘
"Ho-159 w3 10% 410 20 310% 8000
3Ilm
Ho-161 w 310* 210 6 310* 4000
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Table 1.b, Cont’d.

2.5h

Inhalation Ingestion

ALl DAC ALl
Nuclide Class/f, uCi uCi/cm? f, .uCi
Tb-153 w3 10* 7000 310% 310% 5000
2.34d _
Tb-154 w310* 4000 210% 310%* 2000
214 h _
Tob-155 W 310* 8000 310 310 6000
532d
Tb-156 W 310* 1000 6 107 310% 1000
5.34d
Tb-156m w310* 8000 310° 310* 7000
244 h
Tb-156m w310* 310 110° 310% 210
50h
Tb-157 W 310* 300 1107 3104 510
150 y :
Tb-158 w 310 20 8 107 310* 1000
150 y :
Tb-160 w3 10% 200 9 10°® 310% 800
72.3d
Tb-161 w 310 2000 7107 310 2000
691d : '
Dysprosium
Dy-155 w3l 310! 110° 310% 9000
10.0 h
Dy-157 wW310* 610 310° 310 210
8.1h
Dy-159 w3 10* 2000 110° 310% 110
144.4 d
Dy-165 w3t 510! 210°% 310* 110*
2.334h
Dy-166 w3 10* 700 3107 310 600
81.6 h
Holmium
Ho-155 w3l¢  210° 6 10° 3104 410
48 m
Ho-157 w3 10* 1108 6 10 310 310°
126 m
Ho-159 w310 110° 410" 310 210°

" 33m

Ho-161 wW310% 410 210* 3104 110°

i Teeram R
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Tabie-1.a, Cont’d.

8.24 h

Inhalation Ingestion
ALl - DAC: ALl

Nuclide Class/fy MBq MBq/m’ f, MBq

Ho-162 w3to® 910t 40 3104 210

iI5m

Ho-162m w 310 1104 4 310* 2000

68 m

Ho-164 w310 210 10 310* 7000

29m

Ho-164m w310* 110 5 310 4000

37.5m

Ho-166 w3104 70 0.03 310 30

26.80 h - -

Ho-166m w3 10% 0.3 110 310 20

1.20 10 y ~ ‘

Ho-167 w310 2000 0.9 310 600
“3.1h

Erbium

Er-161 w310* 2000 1 310 600

3.24h

Er-165 w 3 10° 7000 3 310 2000

10.36 h

Er-169 w3 10* 90 0.04 310% 100

9.3d

Er-171 W 310" 400 0.2 310 100

7.52h

Er-172 w310* 50 0.02 310 40

49.3 h

Thulium A

Tm-162 w3 10* 1104 4 310* 2000

2.7 m '

Tm-166 W 310* 500 0.2 310% 200

7.70h :

Tm-167 w3 10* 70. 0.03 310 80

9.24d

Tm-170 w3 10* 8 0.003 310* 30

128.6 d ,

Tm-171 w310 10 0.004 310* 400

1.92y 4

Tm-172 w 310 40 0.02 310 30

63.6 h :

Tm-173 w3t 400 0.2 310* 200

'
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Table 1.b, Cont'd.

Inhalation Ingestion
ALl DAC ° ALl

Nuclide Class/f, uCi uCi/em? f, uCi
Ho-162 wilo* 210 0.001 310* 510
15m .
Ho-162m w3l 310 110% 310 510
68 m .
Ho-164 w304 610 310 3104 210°
29m
Ho-164m w3t 310 110% 310% 110
37.5m .
Ho-166 w310* 2000 7107 310 900
26.80 h
Ho-166m w310 7 310° 310 600
1.20 10% y
Ho-167 w304 610 2.10° 310 210
3.1h
Erbium
Er-161 w34 610 310° 310¢ 210
3.24 h
Er-165 w3i0* 210 8 10 310* 610
10.36 h _
Er-169 W 310% - 3000 110° 310* 3000
9.3d
Er-171 w310* 110 410% 310* 4000
7.52h
Er-172 W 310% 1000 6 107 310* 1000
49.3 h
Thulium
Tm-162 w3104 310 110* 310% 710*
21.7m
Tm-166 w310 1104 6 10 310% 4000
7.70 h
Tm-167 w 310 2000 8 10”7 310 2000
9.24d
Tm-170 w310* 200 910% 310 800
128.6 d
Tm-171 w 310 300, 1107 310% 110*
192y
Tm-172 w310* 1000 5107 310% 700
63.6 h
Tm-173 w310¢ 110 510¢ 310% 4000

8.24 h

'
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Table 1.a, Cont’d.

Inhalation Ingestion
ALl DAC ALl

Nuclide Class/f, MBgq MBq/m? f, MBq
Tm-175 w310* 1104 4 310* 2000
152 m
Ytterbium
Yb-162 w3 10* 110* 5 310% 3000
189 m Y 310° 1104 4
Yb-166 w3 10% 70 0.03 310 50
$6.7h Y 310* 70 0.03
Yb-167 w3 10* 3104 10 310* 110
17.5m Y 310* 3104 10
Yb-169 w3 10* 30 0.01 310 70
3201 d Y 310* 30 0.01
Yb-175 w310 100 0.05 310* 100
4.19d Y 310* 100 0.05
Yb-177 w 310* 2000 0.8 310* 600
19h Y 310* 2000 0.7
Yb-178 w3 10* 1000 0.6 310 500
74 m Y 310* 1000 0.6
Lutetium
Lu-169 w3104 200 0.07 310* 90
34.06 h Y 310* 200 . 0.06
Lu-170 W 310% 80 0.03 310% 40
2.00d Y 310* 70 0.03
Lu-171 W 310* 70 0.03 310* 70
8.22d Y 310* 70 0.03
Lu-172 w3 10* 40 0.02 310* 40
6.70d Y 310* 40 0.02
Lu-173 w310 10 0.004 310 200
1.37y Y310 10 0.004 :
Lu-174 . w310 4 0.002 310 200
331y Y 310* 6 0.002
Lu-174m w310 9 0.004 3107 80
142d Y 310* 8 0.003
Lu-176 w310* 0.2 710° 310* 30
3.60 10'%y Y 310* 0.3 110*
Lu-176m w310% 900 0.4 310* 300
3.68h Y 310* 800 0.4
Lu-177 w3104 80 0.03 310 80
6.71d Y 310* 80 0.03
Lu-177m w310 4 0.002 310 30
160.9 d Y 310* 3 0.001
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Table 1.b, Cont’d.

Inhalation Ingestion
ALl DAC’ ALl

Nuclide Class/f) uCi uCijem? fi uCi
Tm-175 ‘w3104 310° 1 10 310% 710%
15.2 m :
Ytterbium
Yb-162 w3l 310 110% 310* 710
18.9m Y 310 310° 110*
Yb-166 w310* 2000 8 107 310% 1000
56.7 h y3i04 2000 8107
Yb-167 wi3io* 810° 310 3104 310°
17.5m vyt 710° 310*
Yb-169 w3 10* 800 4107 310* 2000
320t d Y 310 700 3107
Yb-175 w3 10* 4000 110% 310 3000
4.19d Y 310* 3000 110%
Yb-177 w3t 510t 210° 3104 210
19h Y 310* 5104 210°
Yb-178 w3104 410 210 310* 110
74 m Y 310 410! 210°%
Lutetium
Lu-169 w310 4000 210 310* 3000
34.06 h Y 310* 4000 210
Lu-170 w3 10* 2000 9 107 310* 1000
2.00d Y 310* 2000 8107
Lu-171 w310 2000 8 107 310* 2000
8.22d Y 310* 2000 8 107
Lu-172 w 310 1000 5107 310* 1000
6.70d Y 3 10° 1000 5107
Lu-173 w310 300 1107 310* 5000
1.37y Y 310 300 1107
Lu-174 w 310 100 510* 310* 5000
331y Y 310 200 6 10*
Lu-174m w310 200 1107 310* 2000
142d Y 310* 200 910t
Lu-176 w310 5 2107 310% 700
3.60 10"y Y 310* 8 3 107
Lu-176m w310* 310 110° 3104 8000
3.68h Y 310 2104 910
Lu-177 w3 10* 2000 9107 310* 2000
6714 Y 310* 2000 9107
Lu-177m w310 100 510" 310 700
160.9 d Y 310 80 310°

'
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Table 1.a, Cont’d.

Inhalation Ingestion

ALl DAC® ALl
Nuclide Class/fy MBq MBq/m’ f, MBq
Lu-178 w3 10* 5000 2 310% 1000
28.4m Y 310 4000 2 -
Lu-178m w3 10* 7000 3 310% 2000
227 m Y 310* 6000 3
Lu-179 W 310* 700 0.3 310 200
4.59 h Y 310 600 0.2
Hafnium
Hf-170 D 0.002 200 0.09 0.002 100
16.01 h W 0.002 200 0.07
Hf-172 D 0.002 0.3 1i0* 0.002 50
1.87 y W 0.002 1 6 10*
Hf-173 D 0.002 500 0.2 0.002 200
240h . W 0.002 400 - 02
H-175 D 0.002 40 0.01 0.002 100
70d W 0.002 40 0.02
H{-177m D 0.002 2000 0.9 0.002 700
514 m W 0.002 3000 1
Hf-178m D 0.002 0.05 210 0.002 9
3ly W 0.002 0.2 810
Hif-179m D 0.002 10 0.005 0.002 40
25.1d W 0.002 20 0.009
H{-180m D 0.002 800 0.3 0.002 300
55h w 0.002 900 0.4
Hi-181 D 0.002 6 0.003 0.002 40
42.4d W 0.002 20 0.007
Hf-182 D 0.002 0.03 110° 0.002 7
910%y W 0.002 0.1 510°
Hi-182m D 0.002 3000 1 0.002 1000
61.5m W 0.002 5000 2
Hi-183 D 0.002 2000 0.7 0.002 800
64 m W 0.002 2000 0.9
Hf-184 D 0.002 300 0.1 0.002 90
4.12h W 0.002 200 0.1
Tantalum
Ta-172 W 0.001 5000 2 0.001 1000
368 m Y 0.001 4000 2
Ta-173 W 0.001 700 0.3 0.001 200
3.65h Y 0.001 600 0.3
Ta-174 W 0.001 4000 2 0.001 1000
1.2 h 'Y 0.001 3000 1

'y
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Table 1.b, Cont'd.

Inhalation Ingestion
ALl DAC ALl
Nuclide Class/f; uCi  uCifem’ fy uCi
Lu-178 wil* 110° - §510° 310 410
284m Y 310* 110° 510°% A
Lu-178m w3t 210 810° 310 510
227m Y 310* 210° 710°
Lu-179 w30t 2104 810 3104 6000
459 h Y 310¢ 210 6 10¢
Hafnium
Hf-170 D 0.002 6000 2 10¢ 0.002 3000
16.01 h W 0.002 5000 210%
Hf-172 D 0.002 9 4107 0.002 1000
1.87y W 0.002 40 210
Hf-173 D 0.002 1104 510% 0.002 5000
240h W 0.002 1104 510
. Hf-175 D 0.002 900 4107 . 0002 3000
704 W 0.002 1000 5107 ~
Hf-177m D 0.002 6 10¢ 210°% 0.002 210*
514m W 0.002 910 410°
H{-178m D 0.002 1 5101 0.002 300
31y W 0.002 5 210°
Hf-179m D 0.002 300 1107 0.002 1000
25.1d W 0.002 600 3107
Hf-180m D 0.002 2104 910 0.002 7000
5.5h wo002 310 110°
Hf-181 D 0.002 200 710t 0.002 1000
42.44d W 0.002 400 2107
Hf-182 D 0.002 0.8 31010 0.002 200
9100y W 0.002 3 110°
Hf-182m D 0.002 9 10* 4107 0.002 410
61.5m W 0.002 110° 6 10°
Hf-183 D 0.002 510* 2 10° 0.002 210
64 m W 0.002 610 210%
Hf-184 D 0.002 8000 310 0.002 2000
4.12h W 0.002 6000 310%
Tantalum
Ta-172 W 0.001 110° 510° 0.001 410
36.8m Y 0.001 110° 410%
Ta-173 W 0.001 210 8 10 0.001 7000
3.65h Y 0.001 2 10 710¢
Ta-174 W 0.001 110° 4107 0.001 310
1.2h Y 0.00! 9 104 410
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Table l.a. Cont'd.

Inhalation Ingestion
ALIL DAC ALl

Nuclide Class/f; MBq MBg/m’ f, MBq
Ta-175 W 0.001 600 0.2 0.001 200
10.5h Y 0.001 500 0.2 :
Ta-176 W 0.001 500 0.2 0.001 100
8.08 h Y 0.001 400 0.2
Ta-177 W 0.001 700 0.3 0.001 400
56.6 h Y 0.001 700 0.3
Ta-178 W 0.001 3000 1 0.001 600
22h Y 0.001 3000 1
Ta-179 W 0.001 200 0.08 0.001 800
664.9 d Y 0.001 30 0.01
Ta-180 W 0.001 20 0.007 0.001 60
1.0 102y Y 0.001 0.9 410* :
Ta-180m W 0.001 2000 1 0.001 900
8.1h Y 0.001 2000 0.9
Ta-182 W 0.001 10 0.005 0.001 30
115.0d Y 0.001 5 0.002
Ta-182m W 0.001 2 10° 8 0.001 6000
15.84 m Y 0.001 210 6
Ta-183 W 0.001 40 0.02 0.001 30
5.1d Y 0.001 a0 0.02
Ta-184 W 0.001 200 0.08 0.001 10
8.7h Y 0.001 200 0.07
Ta-185 W 0.001 3000 1 0.001 1000
49 m Y 0.001 2000 1
Ta-186 W 0.00! 9000 4 0.001 2000
10.5m Y 0.001 8000 3
Tungsten
W-176 D 0.3 2000 0.8 0.01 400
2.3h 0.3 500
w-177 D 0.3 3000 ] 0.0! 800
135m 0.3 900
W-178 D 0.3 700 0.3 0.01 200
21.74d 0.3 300
Ww-179 D 0.3 6 10* 30 0.01 210
375m 0.3 210*
w-181 D 0.3 1000 0.5 0.01 600
121.2d 0.3 700
Ww-185 D 0.3 200 0.1 0.01 80
75.1d 0.3 100
w-187 D 0.3 300 0.1 0.01 70
239h 0.3 100

i
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Table 1.b, Cont'd.

Inhalation Ingestion
ALI DAC, ALl

Nuclide Class/f;,  uCi uCi/fem’ fy uCi

Ta-175 W 0.00! 210 710 0.001 6000
- 10.5h Y 0.001 110 610% |

Ta-176 . W 0.00! 110 510% 0.001 4000

8.08 h Y 0.001 1 10* 510%¢

Ta-177 W 0.001 2104 8 10 0.001 1104

56.6 h Y 0.00! 210 710%

Ta-178 W 0.001 9 10* 4107 0.001 210

22h Y 0.001 7104 - 310°

Ta-179 W 0.001 5000 210°% 0001 210*

664.9 d Y 0.001 900 4107

Ta-180 W 0.001 400 2107 0.001 1000

1.0 10"y Y 0.001 20 110°%

Ta-180m - W 0.001 7104 310°% 0.001 210

8.1h Y 0.001 6 10* 210

Ta-182 W 0.001 300 1107 0.001 800

11504 Y 0.001 100 610

Ta-182m W 0.001 510° 210 0.001 210°

15.84 m Y 0.001 410° 2 10*

Ta-183 W 0.001 1000 5107 0.001 900

5.1d Y 0.00t 1000 . 4107

Ta-184 W 0.001 5000 2 10 0.001 2000

87h Y 0.001 5000 2 10°%

Ta-185 W 0.001 7104 310° 0.001 310*

49 m Y 0.001 610* 310°

Ta-186 W 0.00! 210° 110* 0.001 510*

10.5 m Y 0.001 210° 910

Tungsten

W-176 D 0.3 5104 2103 0.01 1104

23h 0.3 110

w-177 D 0.3 910* 410 0.01 2104

135m . 0.3 210*

W-178 D 0.3 2 10 8 10 0.01 5000

21.7d 0.3 8000
- W-179 D 0.3 2108 710% 0.01 510°

37.5m 0.3 6 10°

W-181 D 0.3 310 110°% 0.01 210

121.24d 0.3 210*

W-185 D 0.3 7000 310% 0.01 2000

75.1d ‘ 0.3 3000

W-187 D 0.3 9000 410% 0.01 2000

239 h 0.3 3000
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Table 1.a, Cont'd.

Inhalation Ingestion
ALl DAC® ALl

‘Nuclide Class/f, MBgq MBq/m’ fy MBq
w-188 D 0.3 50 0.02 0.01 10
69.4d 0.3. 20
Rhenium
Re-177 D 0.8 1104 4 0.8 4000
140 m W 0.8 1104 5 _
Re-178 D 0.8 110* 4 0.8 3000
132m W 0.8 110* 5
Re-181 D038 300 0.1 0.8 "200
20h w 0.8 300 0.1
Re-182 D 0.8 500 0.2 0.8 300
127h W 0.8 600 0.2 ,
Re-182 D 0.8 90 0.04 0.8 50
640 h w 0.8 80 0.03
Re-184 D 0.8 100 0.05 0.8 90
38.0d w0.8 50 0.02
Re-184m D 0.8 100 0.05 0.8 80
165 d w 0.8 20 0.007 }
Re-186 D 0.8 100 0.04 0.8 10
90.64 h w 0.8 60 0.03
Re-186m D 0.8 60 0.03 0.8 50
2.010%y W 0.8 6 0.002
Re-187 D 0.8 3104 10 0.8 2 10
51010y W 0.8 4000 2
Re-188 D 0.8 100 0.04 0.8 60
1698 h w 0.8 100 0.04
Re-188m D 0.8 5000 2 0.8 - 3000
18.6 m W 0.8 5000 2
Re-189 D 0.8 200 0.08 0.8 100
243 h W 0.8 200 0.07
Osmium
Os-180 D 0.01 110* 6 0.01 4000
2m W 0.01 210* 7

Y 0.01 210 7
Os-181 D 0.01 2000 0.7 0.01 500
105 m W 0.01 2000 0.7

Y 0.01 2000 0.7
0s-182 D 0.01 200 0.09 0.01 80
22h W 0.01 200 0.07 '

Y 0.01 100 0.06
Os-185 D 0.01 20 0.008 0.01 90
94d w 0.01 30 ©0.01

Y 0.01 30 0.01

i



93

Table 1.b, Cont'd.

Inhalation Ingestion
ALl DAC ALl
Nuclide Class/f; wCi  uCi/em’ f, . uCi
W-188 D 0.3 1000 5107 0.01 400
69.4 d 0.3 600
Rhenium
Re-177 D 0.8 310° 110* 0.8 9 10*
14.0 m W 0.8 410° 110*
Re-178 D038 310° 110 0.8 7 10
13.2m W 0.8 310° 110%
Re-181 D 0.8 9000  410° 0.8 5000
20h w 0.8 9000 410
Re-182 D08 1104 510% 0.8 7000
127h W 0.8 2104 6 10¢
Re-182 D 0.8 2000 110% 0.8 1000
64.0 h W 0.8 2000 9107
Re-184 D038 4000 110°¢ 0.8 2000
38.0d W 0.8 1000 6 107
Re-184m Do0.8 3000 110% 0.8 2000
165d w 0.8 400 2107
Re-186 D 0.8 3000 110% 0.8 2000
90.64 h W 0.8 2000 7107
Re-186m D038 2000 - 7107 0.8 1000
2.010%y W 0.8 200 610
Re-187 D 0.8 8 10° 4 10 0.8 610°
51010y W 0.8 110° 4 10°
Re-188 D 0.8 3000 110% 0.8 2000
16.98 h W 0.8 3000 110%
Re-188m D 0.8 110° 6 107 0.8 8 10*
18.6 m W 0.8 110° 610
Re-189 D 0.8 5000 210% 0.8 3000
243h W 0.8 4000 210
Osmium
Os-180 D 0.01 4 10° 210 0.01 1108
2m W 0.01 510° 2 10
Y 0.01 510° 210*
Os-181 D 0.0! 410* 210 0.01 1104
105 m w 0.01 510 210°%
Y 0.01 4 10* 210°
Os-182 D 0.01 6000 210 0.01 2000
2h W 0.01 4000 210%
Y 0.01 4000 210
Os-185 D 0.01 500 2107 0.01 2000
94 d w 0.01 800 3107
Y 0.0t 800 3107

i
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Tabie 1.a, Cont’d.

Inhalation Ingestion
ALl . DAC ALl
Nuclide Class/f, MBaq MBq/m® fy MBq
Os-189m D 0.01 9000 4 0.01. 3000
60h ' W 0.01 8000 3
Y 0.01 6000 3
0s-191 D 0.01 80 0.03 0.01 80
154d W 0.01 - 60 0.02
Y 0.01 50 0.02
Os-191m D 0.01 1000 0.4 0.01 500
13.03h W 0.01 800 . 0.3
. Y 0.01 700 0.3
0s-193 D 0.01 200 .0.07 0.01 60
300h w001 100 0.05
Y 0.01 100 0.04
Os-194 D 0.01 2 610 0.01 20
60y W 0.01 2 . 910
Y 0.01 0.3 110*
Iridium
 Ir-182 D 0.01 5000 2 0.01 2000
15m W 0.01 6000 2
Y 0.01 5000 2
Ir-184 D 0.0l 900 0.4 0.01 300
3.02h W 0.01 1000 - 0.5
Y 0.01 1000 0.4
Ir-185 D 0.01 500 0.2 0.01 200
140 h W 0.01 400 0.2
Y 0.01 400 0.2
Ir-186 D 0.01 300 0.1 0.01 90
158 h W 0.01 200 0.1
Y 0.01 200 0.09
Ir-187 D 0.01 1000 0.5 0.01 400
10.5h W 0.01 1000 0.5
Y 0.01 1000 0.4
Ir-188 D 0.01 200 0.07 0.01 70
41.5h W 0.01 100 0.05
Y 0.0} 100 0.05 .
Ir-189 D 0.01 200 0.07 0.01 200
13.3d W 0.01 100 0.06
Y 0.01 100 0.06
Ir-190 D 0.01 30 0.01 0.01 40
12.1d W 0.01 40 0.02

Y 0.01 30 0.01
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Table 1.b, Cont’d.

Inhalation Ingestion
ALl DAC ALl
Nuclide Class/f, uCi uCi/cm? f uCi
Os-189m D 0.01 210° 110* 0.01 8 10*
60h W 0.01 210° 910
Y 0.01 210° 710°
Os-191 D 0.01 2000 9107 0.01 2000
15.4d W 0.01 2000 7107
Y 0.0 1000 6 107
Os-191m D 0.01 310 110 0.0l 1 10
13.02h W 0.01 2 10° " 8 10%
Y 0.01 2104 710
Os-193 D 0.01 5000 210% 0.01 2000
300h w 0.01 3000 110%
, Y 0.01 3000 110%
Os-194 D 0.01 40 210 0.01 400
60y W 0.01 60 210
Y 0.01 8 310°
Iridium
Ir-182 D 0.01 110° 6 107 0.01 410*
15.m "W 0.01 210° 6 10°
Y 0.01 110° 510%
Ir-184 D 0.01 210 110° 0.01 8000
3.02h W 0.01 3104 110°
Y 0.01 3104 110°
Ir-185 D 0.01 1104 510 0.01 5000
140 h W 0.01 110* 510
Y 0.0! 1 10* 410
Ir-186 D 0.01 8000 310° 0.01 2000
158 h W 0.01 6000 310% :
Y 0.01 6000 210%
Ir-187 D 0.01 3104 110% 0.01 1104
10.5h W 0.01 310 110°%
Y 0.01 3 104 110°
Ir-188 D 0.01 5000 210°% 0.01 2000
. 41.5h W 0.01 4000 110°¢
Y 0.01 3000 110
Ir-189 D 0.01 5000 210% 0.01 5000
13.3d W 0.01 4000 210%
Y 0.0t 4000 110
Ir-190 D 0.01 900 4107 0.01 1000
12.1d W 0.01 1000 4107 :
Y 0.01 900 4107
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Table 1.a, Cont'd.

Inhalation Ingestion
ALl DAC ALl

Nuclide Class/f; MBq MBq/m* fy MBq
Ir-190m D 0.0l 7000 3 0.01 6000
1.2h W 0.01 8000 3

Y 0.01 7000 3 .
Ir-192 - D001 10 0.004 0.01 40
74.02d W 0.01 10 0.006

Y 0.01 8 0.003
Ir-192m D 0.01 3 0.001 0.01 100
241 y W 0.01 8 0.003

Y 0.01 0.6 210*
Ir-194 D 0.01 100 0.05 0.01 40
19.15h W 0.01 80 0.03

Y 0.0t 70 0.03
Ir-194m D 0.01 3 0.001 0.01 20
1714 W 0.01 6 - 0.003

Y 0.01 4 0.002
Ir-195 D 0.01 2000 0.6 0.0t 600
25h W 0.01 2000 0.8

Y 0.01 2000 0.7
Ir-195m D 0.01 900 0.4 0.01 300
38h W 0.01 1000 04

Y 0.01 800 - 03
Platinum
Pt-186 D 0.01 1000 0.6 0.01 500
20h
Pt-188 D 0.01 60 0.03 0.01 60
10.2d
Pt-189 D 0.01 1000 0.4 0.01 400
10.87 h
Pt-191 D 0.01 300 0.1 0.0} 100
28d
Pt-193 D 0.01 900 0.4 0.01 1000
S0y :
Pt-193m D 0.0t 200 0.09 0.01 90
4.33 d
Pt-195m D 0.0t 200 0.07 0.01 70
4024d
Pt-197 D 0.01 400 0.1 0.01 100
18.3 h
Pt-197m D 0.01 2000 0.7 0.01 600
944 m
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Table 1.b, Cont'd.

Inhalation Ingestion
ALl .DAC ALl
Nuclide Class/f,  «Ci uCifem® f, uCi
Ir-190m - b 0.01 210° 8 10° 0.01 210°
1.2h W 0.01 210° 9 10° .
Y 0.01 210° 8 10°
Ir-192 D 0.01 1300 1107 0.01 900
74.02 d W 0.01 400 2107
Y 0.01 200 910°%
Ir-192m D 0.01 90 410% 0.01 3000
241y W 0.01 200 910*
_ Y 0.01 20 6 10°
Ir-194 D 0.01 3000 1-10°¢ 0.01 1000
19.15h W 0.01 2000 9107
Y 0.01 2000 8107
Ir-194m D 0.01 90 410" 0.01 600
171d W 0.01 200 - 710"
Y 0.01 100 410
Ir-195 D 0.01 410 210°% 0.01 110
2.5h w 0.01 5104 210°
Y 0.01 410 2107
Ir-195m D 0.01 2104 110° 0.01 8000
3.8h W 0.01 310 110°
Y 0.01 2 10% 910
Platinum _
P1-186 D 0.01 410 210° 0.01 110
20h
Pt-188 D 0.01 2000 7107 0.01 2000
10.2d
Pt-189 D 0.01 3104 110°% 0.01 110*
10.87 h
Pt-191 D 0.01 8000 410°% 0.01 4000
284d
Pt-193 D 0.01 2104 110° 0.01 4104
50y
Pt-193m D 0.01 6000 310 0.01 3000
4.33d
Pt-195m D 0.01 4000 210* 0.01 2000
402d :
Pt-197 D 0.01 110 410% 0.01 3000
18.3 h
Pt-197m D 0.01 410* 210°% 0.01 2104

944 m
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Table 1.a, Cont'd.

Inhalation Ingestion
ALl DAC® ALl
Nuclide Class/f; MBaq MBq/m? fy MBq
Pt-199 D 0.01 5000 2 0.01 2000
308 m
Pt-200 D 0.01 100 0.05 0.01 40
125h
Gold
Au-193 D 0.1 1000 04 0.1 300
17.65 h W 0.1 800 0.3
Y 0. 700 0.3
Au-194 D 0.1 300 0.1 0.1 100
39.5h W 0.1 200 0.08
Y 0.l 200 0.08 -
Au-195 DO.] 400 0.2 0.1 200
183d W 0.1 50 0.02
_ Y 0.1 20 0.007
Au-198 D 0.1 100 0.06 0.1 50
2.696 d W 0.1 70 0.03
| Y 0.1 60 0.03
Au-198m D 0.} 100 0.04 0.1 40
2.30d W 0.1 40 0.02
Y 0.1 40 0.02
Au-199 D 0.1 300 0.1 0.1 100
3.139d w 0.1 100 0.06
Y 0.1 100 0.06
Au-200 D 0.1 2000 1 0.1 1000
48.4 m W 0.1 3000 1
Y 0.1 3000 1
Au-200m D 0.1 100 0.05 0.1 40
18.7h w 0.1 100 0.04
Y 0.l 90 0.04
Au-201 D 0.1 8000 3 0.1 3000
264 m w 0.1 9000 4
Y 0.1 8000 3
Mercury '
Hg-193 D 0.02 2000 0.7 0.02 600
35h w 0.02 2000 0.6
organic D1 2000 1 1 2000
04 700
vapor 1000 0.5
Hg-193m D 0.02 300 0.1 0.02 100
1.1 h W 0.02 300 0.1
organic D1 500 0.2 - 1 300
0.4 200
vapor 300 0.1
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Table 1.b. Cont’d.

vapor

Inhalation Ingestion
ALI DAC ALl
Nuclide Class/f) uCi uCi/em? f, uCi
Pt-199 D 0.01 110° 6 10° 0.01 5104
308 m : :
P1-200 D 0.01 3000 110% 0.01 1000
125h
Gold
Au-193 D 0.l 3104 110% 0.1 9000
17.65 h W 0.1 2104 9 10
Y 0.1 2104 8 10
Au-194 D 0.1 8000 310°% 0.1 3000
39.5h W 0.1 5000 210
Y 0.1 5000 210°
Au-195 D 0.1 1104 510°¢ 0.1 5000
183 d w 0.1 1000 6107
Y 0.1 400 2107
Au-198 D 0.} 4000 210% 0.1 1000
2.696 d W 0.1 2000 8107
Y 0.1 2000 7107
Au-198m D 0.1 3000 110% 0.! 1000
2.30d W 0.1 1000 5107
Y 0.1 1000 5107
Au-199 D 0.l 9000 410°% 0.1 3000
3.139 d W 0.1 4000 210
Y 0.1 4000 210%
Au-200 D 0.1 6 10* 310° 0.1 310
484 m W 0.1 8 10* 3103
Y 0.1 7104 310°
Au-200m D 0.1 4000 110% 0.1 1000
18.7h W 0.1 3000 110%
Y 0.1 2000 110°%
Au-201 D 0.1 210° 9 107 0.1 7 10
264 m W 0.1 210° 110*
Y 0.1 2.10° 9 10°
Mercury
Hg-193 D 0.02 410* 2103 0.02 2 104
35h W 0.02 410 2103
organic D1 6 10* 3107 1 510*
0.4 2104
vapor 3 104 110°
. Hg-193m D 0.02 9000 410 0.02 3000
11.1h w 0.02 8000 310
organic D1 1104 510 1 9000
0.4 4000
8000 410

i
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Table 1.a, Cont'd.

328 m

Inhalation Ingestion
ALl DAC ALl
Nuclide Class/f, MBq MBq/m’® f, MBq
Hg-194 D002 2 7 10° 0.02 30
260 y W 0.02 4 0.002 A
organic D1 1 410 1 0.6
04 2
vapor 1 510
Hg-195 D 0.02 1000 0.5 0.02 500
99h W 0.02 1000 0.5
organic D1 2000 0.7 1 1000
04 600
vapor 1000 0.5
Hg-195m D 0.02 200 0.08 0.02 90
416 h W 0.02 100 0.06
organic D1 200 0.09 1 200
' 0.4 100
vapor 100 0.06
Hg-197 D 0.02 400 0.2 0.02 200
64.1 h w 0.02 300 0.1
organic D1 500 0.2 1 400
0.4 300
vapor 300 0.1
Hg-197m D 0.02 300 0.1 0.02 100
. 238h W 0.02 200 0.08
organic DI 300 0.1 1 300
0.4 100
vapor 200 0.08
Hg-199m D 0.02 5000 2 0.02 2000
42.6 m W 0.02 7000 3
organic D1 6000 2 1 2000
0.4 2000
vapor 3000 1
Hg-203 D 0.02 50 0.02 0.02 90
46.60 d W 0.02 40 0.02
organic D1 30 0.01 1 20
0.4 30
vapor 30 0.01
Thallium
TI-194 D1 210! 9 1 9000
33m
T1-194m D1 6000 2 i 2000

i
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Table 1.b, Cont'd.

328 m

Inhalation Ingestion
ALl DAC ALl
Nuclide Class/f, uCi uCifem? f, uCi
Hg-194 D 0.02 40 210*% 0.02 800
260 y W 0.02 100 510"
organic DI 30 110 1 20
- 0.4 40
vapor- 30 110%
Hg-195 D 0.02 410 1103 0.02 110
99h - W 0.02 310 1103
organic D1 510 . 210°% 1 410"
0.4 2104
vapor 3104 1 _10'5
Hg-195m D 0.02 5000 210, 0.02 2000
416 h W 0.02 4000 210
organic DI 6000 310% 1 5000
. 0.4 3000
vapor 4000 210%.
Hg-197 D 0.02 1104 510 0.02 6000
64.1 h W 0.02 9000 410%
organic D1 110* 6 10°¢ 1 9000
0.4 7000
vapor 8000 410°
Hg-197m D 0.02 7000 310 0.02 3000
238 h W 0.02 5000 210%
organic DI 9000 410 1 7000
0.4 4000
vapor 5000 210°*
Hg-199m D 0.02 110° 6107 002 610
426 m W 0.02 210° 710%
organic D1 210° 710° 1 6 10*
0.4 6 10
vapor 8 10* 310°
Hg-203 D 0.02 1000 5107 0.02 2000
46.60 d W 0.02 1000 5107 :
organic D! 800 3107 1 500
_ 0.4 900
vapor 800 4107
Thallium
TI-194 D1 6 10° 210* 1 310°
i3m
T1-194m D1 210° 610°. ! 510¢

b
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Table 1.2, Cont'd.

223y

Inhalation Ingestion
ALl DAC . ALl

Nuclide Class/f, MBgq MBq/m’ fy MBq

Ti-195 D1 5000 2 1 2000

1.16 h '

TI-197 Dl 4000 2 1 3000

2.84h

T1-198 D1 1000 0.5 1 700

53h _

Ti-198m D1 2000 0.8 1 1000

1.87h

T1-199 D1 3000 -1 1 2000
" 742h

T1-200 D1 400 0.2 1 300

26.1h '

Ti-201 D1 800 - 0.3 1 600

3.044d

Ti-202 D1 200 0.08 1 100

12.23d

T1-204 D1 80 0.03 1 60

3779y

Lead

Pb-195m D 0.2 7000 3 0.2 2000

158 m

Pb-198 D 0.2 2000 1 0.2 1000

24h

Pb-199 D 0.2 3000 1 0.2 800

90 m

Pb-200 D 0.2 200 0.1 0.2 100

21.5h

Pb-201 D 0.2 700 0.3 0.2 300

9.4h

Pb-202 D 0.2 2 8 10* 0.2 5

310°y .

Pb-202m D 0.2 1000 0.4 0.2 300

3.62h '

Pb-203 D 0.2 400 0.1 0.2 200

52.05h

Pb-205 D 0.2 50 0.02 0.2 100

143107y

Pb-209 D 0.2 2000 0.9 0.2 900

3253 h

Pb-210 D 0.2 0.009 410" 0.2 0.02

b
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Table 1.b, Cont'd.

Ihhalation Ingestion
ALl DAC - ALl
Nuclide Class/f) uCi uCifem® fy uCi
TI-195 DI 1108 s1o® 1 6 10°
1.16 h
TI-197 D1 110° 510°% 1 7104
2.84 h
TI1-198 D1 3104 110% 1 210
53h
TI-198m D1 5104 210°% 1 310
1.87h '
T1-199 D! 8 104 4 10° 1 6 10*
7.42h ’ :
T1-200 D1 110* 510 1 8000
26.1 h ,
' T1-201 DI 2 10* 9 10 1 2 10
' 3.044 d
TI-202 D1 5000 210 1 4000
' 12.23 d
T1-204 D1 2000 9 107 1 2000
3719y
Lead
N Pb-195m D02 2100 - 810° 02 610
158 m .
J Pb-198 D 0.2 6 10* 310 0.2 3104
) 24h
. Pb-199 DO0.2 710 310° 02 210
\ 90 m
_Pb-200 D 0.2 6000 310¢ 0.2 3000
! 21.5h
| Pb-201 D 0.2 2104 8 10 0.2 7000
' 9.4 h
. Pb-202 D 0.2 50 210% 0.2 100
' 310°y
' ' Pb-202m D 0.2 310 110 0.2 9000
| 3.62h
] : Pb-203 D 0.2 9000 410% 0.2 5000
. 52.05h
' Pb-205 D 0.2 1000 6107 0.2 4000
143107y :
' Pb-209 D 0.2 6 10 2103 0.2 210*
3.253 h _
Pb-210 D 0.2 .02 1 10710 0.2 0.6
223y
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Table 1.3, Cont'd.

Inhalation Ingestion
ALI DAC ° _ALD

Nuclide Class/f, MBq MBg/m? fy MBq
Pb-211 D 0.2 20 0.01 0.2 400
36.1 m :
Pb-212 D 0.2 1 510 0.2 3
10.64 h
Pb-214 D 0.2 30 0.01 0.2 300
268 m
Bismuth
Bi-200 D 0.05 3000 i 0.05 1000
36.4 m W 0.05 4000 2

" Bi-201 D 0.05 1000 0.4 0.05 400
108 m W 0.05 1000 0.6 .
Bi-202 D 0.05 1000 0.6 0.05 500
1.67h ‘W 0.05 3000 1
Bi-203 D 0.05 200 0.1 0.05 90
11.76 h W 0.05 200 0.09
Bi-205 D 0.05 90 0.04 0.05 50
15.31d W 0.05 ‘50 0.02
Bi-206 D 0.05 50 0.02 0.05 20
6.243d W 0.05 30 0.01
Bi-207 D 0.05 60 0.03 0.05 40
38y W 0.05 10 0.005
Bi-210 D 0.05 9 0.004 0.05 30
5.012d W 0.05 1 410*
Bi-210m D 0.05 0.2 710 0.05 2
30100y W 0.05 0.03 1103
Bi-212 D 0.05 9 0.004 0.05 200
60.55 m W 0.05 10 0.004
Bi-213 D 0.05 10 0.005 0.05 300
45.65 m W 0.05 10 0.005
Bi-214 D 0.05 30 0.01 0.05 600
199 m W 0.05 30 0.01
Polonium
Po-203 D 0.1 2000 1 0.1 900
36.7m w 0.1 3000 1
Po-205 D 0.1 1000 0.6 0.1 800
1.80 h W 0.1 3000 1
Po-207 D 0.1 900 0.4 0.1 300
350 m W 0.1 1000 0.4 '
Po-210 D 0.1 0.02 110° 0.1 0.1
138.38d w 0.1 0.02 110

'
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Tabie 1.b, Cont'd.

Inhalation Ingestion

ALl DAC ALl
Nuclide Class/f, uCi uCi/em? fy uCi
Pb-211 D 0.2 600 3107 0.2 110
36.1m
Pb-212 D 0.2 30 110t 0.2 80
10.64 h
Pb-214 D 0.2 800 3107 0.2 9000
268 m
Bismuth )
Bi-200 D 0.05 8 10 410° 0.05 310
364 m W 0.05 110° 410°
Bi-201 D 0.05 310 110%° 0.05 1 104
108 m W 0.05 410 210°%
Bi-202 D 0.05 410 210% 0.05 110
1.67h W 0.05 8 10¢ 3107
Bi-203 D 0.05 7000 310 0.05 2000
11.76 h W 0.05 6000 310%¢
Bi-205 D 0.05 3000 110° 0.05 1000
15.31d W 0.05 1000 5107
Bi-206 D 0.05 1000 6107 0.05 600
6.243 d W 0.05 900 4107
Bi-207 D 0.05 2000 7107 0.05 1000
38y W 0.05 400 1107
Bi-210 D 0.05 200 1107 0.05 800
5.0124d W 0.05 30 110°®
Bi-210m D 0.05 5 210° 0.05 40
3.010%y W 0.05 - 07 . 310"
Bi-212 D 0.05 200 1107 0.05 5000
60.55 m W 0.05 300 1107
Bi-213 D 0.05 300 1107 0.05 7000
4565 m W 0.05 400 1107
Bi-214 D 0.05 800 3107 0.05 210
199 m W 0.05 900 4107
Polonium
Po-203 DoO.1 6 10* 310° 0.1 3104
36.7m w 0.1 9 10* 4 10°
Po-205 D 0.1 410* 210° 0.1 210
1.80h W 0.1 710 3103
Po-207 D 0.1 310 110% 0.1 8000
350 m W 0.1 310* 110%
Po-210 D 0.1 0.6 31070 0.1 3
138.38 d W 0.1 - 0.6 31010

'
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Table 1.2, Cont'd.

Inhalation Ingestion
ALI DAC ALl

Nuclide Class/f, MBq MBq/m’ f, MBq
Astatine
At-207 D! 100 0.04 1 200
1.80 h w1 80 0.03
At-211 D1 3 0.001 1 5
7.214 h w1 2 g 10*
Radon
Rn-220 decay 12 WLM*
55.6s products :
Rn-222 decay 4 WLM*
3.8235d products
Francium
Fr-222 D! 20 0.007 1 80
144 m
Fr-223 D1 30 0.01 1 20
21.8 m
Radium
Ra-223 W 0.2 0.03 1103 0.2 0.2
11.434 d
Ra-224 W 0.2 0.06 310° 0.2 0.3
3.66 d
Ra-225 W 0.2 0.02 1107 0.2 0.3
148 d
Ra-226 w 0.2 0.02 110° 0.2 0.07
1600 y
Ra-227 w 0.2 500 0.2 0.2 600
422 m
Ra-228 W 0.2 0.04 210° 0.2 0.09
575y
Actinium
Ac-224 D 0.001 1 410* 0.001 70
29h W 0.001 2 810

Y 0.001 2 710
Ac-225 D 0.001 0.01 410% 0.001 2
10.0d W 0.001 0.02 110

Y 0.001 0.02 1103
Ac-226 D 0.001 0.1 510 0.001 5
29h W 0.001 0.2 8 10°

Y 0.001 0.2 7 10°
Ac-227 D 0.001 2107 6 10° 0.001 0.007
21.773y W 0.001 6 10° 310

Y 0.001 110 610°

*Primary guide.
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Table 1.b, Cont’d.

Inhalation Ingestion
ALl DAC. ALI
Nuclide Class/f, uCi uCi/em? f uCi
Astatine .
A1-207 D1 3000 110% 1 6000
1.80 h L 2000 9 107
At-211 D1 80 310% 1 100
7.214 h w1 50 210°%
Radon
Rn-220 decay 12 WLM*
55.6s products
Rn-222 decay 4 WLM*
3.8235d products
Francium
Fr-222 D1 500 2107 1 2000
144 m
Fr-223 D1 800 3107 1 600
218 m
Radium
Ra-223 w 0.2 0.7 3100 0.2 5
11.434 d
Ra-224 w 0.2 2 7101 0.2 8
3.66 d
Ra-225 w 0.2 07 310 0.2 8
14.8 d
Ra-226 W 0.2 0.6 3101 0.2 2
1600 y
Ra-227 W 0.2 110* 6 10 0.2 2104
422 m
Ra-228 w 0.2 1 510" 0.2 2
575y
Actinium
Ac-224 D 0.001 30 110t 0.001 2000
29h W 0.001 50 210°
, Y 0.001 50 210t

Ac-225 D 0.001 0.3 110710 0.001 50
10.0d W 0.001 0.6 3101 '

Y 0.001 0.6 3 101
Ac-226 D 0.001 3 110° 0.001 100
29h W 0.001 5 210°

Y 0.001 5 2 10°
Ac-227 D 0.001 410* 2101 0.001 0.2
21.773 y W 0.001 0.002 7101

Y 0.001 0.004 21012

*Primary guide.
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Table 1.2, Cont'd.

Inhalation Ingestion
ALl DAC ALI
Nuclide Class/f, MBq MBq/m’ fy MBq
Ac-228 D 0.001 0.4 110% 0.001 90
6.13h W 0.001 1 6 10 A
Y 0.001 2 710*
Thorium '
Th-226 w210* -6 0.002 210* 200
309 m Y210* 5 0.002
Th-227 w2 10* 0.01 510¢ 210* 5
18.718 d Yy 210* 0.01 510
Th-228 w2 10* 410* 2107 210* 0.2
19131y Y 210* 610 3107
Th-229 w2 10* 310° 110% 210" 0.02
7340 y Y210* 9 10* 410*
Th-230 w210*  210¢ 1107 210% 0.1
1.710%y Y 210* 6 10* 2107
Th-231 w210* 200 0.1 210* 100
25.52h Y 210* 200 0.1
Th-232 w210 410 210% 210% 0.03
1.405 10y Y210* 110* 410°%
Th-234 w210 7 0.003 210* 10
24.10d Y 210* 6 0.002
Protactinium
Pa-227 W 0.001 4 0.002 0.001 100
38.3m Y 0.001 4 0.002
Pa-228 W 0.001 0.5 210* 0.001 S0
2h Y 0.001 0.4 210
Pa-230 W 0.001 0.2 710° 0.001 20
17.4d Y 0.001 0.1 510°
Pa-231 W 0.001 610° 210 0.001 0.007
3.276 10 y Y 0.001 110 610%
Pa-232 W 0.001 0.8 310 " 0.001 50
1.31d Y 0.001 2 9 10
Pa-233 W 0.001 30 0.01 0.001 50
27.0d Y 0.001 20 0.009
Pa-234 W 0.001 300 0.1 0.001 90
6.70 h Y 0.001 200 0.1
Uranium _
U-230 D 0.05 0.02 6 10 0.05 0.1
20.8 d W 0.05 0.01 510 0.002 2
Y 0.002 0.01 4 10
U-231 ' D 0.05 300 0.1 0.05 200
424d W 0.05 200 0.09 0.002 200
Y 0.002 200 0.07

by
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Table 1.b, Cont'd.

Inhalation Ingestion
ALl DAC . ALl
Nuclide Class/f, uCi uCifem’ Ty uCi
Ac-228 D 0.001 9 4107 0.001 2000
6.13 h W 0.001 40 210%
Y 0.00! 40 210%
Thorium
Th-226 w2 10* 200 610° 210* 5000
309 m Y 210 100 610
Th-227 w2 10* 0.3 11010 210 100
18.718 d Y 2 10% 0.3 1.10"°
Th-228 w210* 0.01 4101 210 6
19131y Y 210 0.02 710"
Th-229 wa210* 910 410" 210° 0.6
7340 y Y 210 0.002 11012
Th-230 w210*  0.006 3101 210 4
7.710%y Y 2 10% 0.02 6 1012
Th-231 w2 10* 6000 310° 210* 4000
25.52 h Y 210 6000 310
Th-232 w210 0.001 510" 210* 0.7
1.405 10"y Y 210" 0.003 11012
Th-234 w210 200 g 10 210 300
24.10d Y210+ 200 6 10
Protactinium
Pa-227 W 0.001 100 510% 0.001 4000
383 m Y 0.001 100 4 Wt
Pa-228 W 0.001 10 510° 0.001 1000
2h Y 0.001 10 510°
Pa-230 W 0.001 5 2107 0.001 600
17.44d Y 0.001 4 110°
Pa-231 W 0.001 0.002 6 10"? 0.001 0.2
3.276 10* ¥ Y 0.001 0.004 2101
Pa-232 W 0.001 20 910° 0.001 1000
1.31d Y 0.001 60 210%
Pa-233 W 0.001 700 3107 0.001 1000
2704 -Y 0.001 600 2107
Pa-234 w 0.001 8000 310 0.001 2000
6.70h Y 0.001 7000 310%
Uranium
U-230 D 0.05 0.4 21010 0.05 4
20.8 d W 0.05 0.4 1100 0.002 40
Y 0.002 0.3 11070
U-231 D 0.05 8000 310°¢ 0.05 5000
4.2d W 0.05 6000 210 0.002 4000
Y 0.002 5000 210%

I
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Table 1.b, Cont'd.

22.5h

Inhalation Ingestion
ALl DAC ALl
Nuclide Class/f) uCi uCi/em? f, uCi
U-232 D 0.05 0.2 910! 0.05 2
Ny W 0.05 04 - 2101 0.002 50
Y 0.002 0.008 31012
U-233 D 0.05 1 51010 0.05 10
1.585 10° y W 0.05 0.7 31010 0.002 200
Y 0.002 0.04 210"
U-234 D 0.05 1 51010 0.05 10
2.44510°y W 0.05 0.7 3107 0.002 200
' Y 0.002 0.04 210"
U-235 D 0.05 1 6 10°1° 0.05 10
703.8 10% y W 0.05 0.8 3101° 0.002 200
Y 0.002 0.04 210"
U-236 D 0.05 1 510710 0.05 10
23415107 y W 0.05 0.8 31010 0.002 200
Y 0.002 0.04 210!
U-237 D 0.05 3000 110° 0.05 2000
6.75d W 0.05 2000 7107 0.002 2000
Y 0.002 2000 6 107
- U-238 D 0.05 1 610" - 0.05 10
4.468 10° y W 0.05 0.8 3 10710 0.002 200
Y 0.002 0.04 210"
U-239 D 0.05 210° 8 10° 0.05 7104
23.54m W 0.05 210° 7103 0.002 710
Y 0.002 210° 610°
U-240 D 0.05 4000 210 0.05 1000
14.1 h W 0.05 3000 110°¢ 0.002 1000
Y 0.002 2000 110%
Neptunium
Np-232 W 0.001 2000 7107 0001 110
147 m
Np-233 W 0.001 3 108 0.001 0.001 810°
36.2m
Np-234 W 0.001 3000 110% 0.001 2000
44d
Np-235 W 0.001 800 3107 0001 210
396.1 d
Np-236 W 0.001 0.02 9 1012 0.001 3
11510%y .
Np-236 W 0.001 30 110* 0.001 3000
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Table 1.a, Cont'd.

Inhalation Ingestion
ALl DAC ALl
Nuclide Class/f, MBq MBq/m’ f MBq
Np-237 W 0.001 210 610" 0.001 0.02
2.14 10%y
Np-238 W 0.001 2 0.001 0.001 50
21174
Np-239 W 0.001 80 0.03 0.001 60
2.355d )
Np-240 W 0.001 3000 1 0.001 800
65m
Plutonium ]
Pu-234 W 0.001 8 0.003 0.001 300
8.8 h Y110? 7 0.003 110* 300
110° 300
Pu-235 W 0.001 110° 50 o.co1 310
25.3m Y110? 9 10* 40 1104 310
110 310
Pu-236 W 0.001 710 3107 0.001 0.09
2851y Y110 0.002 7107 110% 0.9
110° 7
Pu-237 W 0.001 100 0.05 0.001 500
45.3d Y110%. 100 0.05 110* 500
110° 500
Pu-238 W 0.001 310 1107 0.001 0.03
87.74 y Y1103 710* 3107 110* 0.3
1103 3
Pu-239 W 0.001 210 1107 0.001 0.03
24065 y Y110° 6 10* 3107 110% 0.3
110° 3
Pu-240 W 0.001 210 1107 0.001 0.03
6537y Y110 6 10* 3107 110* 0.3
110° 3
Pu-241 W 0.001 0.01 510% 0.001 1
144y Y1103 0.03 110°% 110* 10
110% 100
Pu-242 W 0.001 210% 1107 0.001 0.03
3.763 10° y Y 110* 6 10* 3107 110 0.3
. 110° 3
Pu-243 W 0.001 1000 0.6 0.001 600
4956 h Y110°® 1000 0.6 110* 600
1103 600
Pu-244 - W 0.001 310 1107 0.001 0.03
826107 y Y110? 710 3107 110 0.3
1107 3

i
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Table 1.b, Cont'd.
Inhalation Ingestion
ALl DAC ° ALl
Nuclide Class/f; uCi uCi/em? fy uCi
Np-237 W 0.001  0.004 21012 0.001 0.5
2.14 10% y
Np-238 W 0.001 60 310°% 0.001 1000
2.1174d
Np-239 W 0.001 2000 9107 0.001 2000
2.355d :
Np-240 wo.001  810° 310° 0001 210
65m
' Plutonium .
' Pu-234 W 0.001 200 910 0001 8000
' 88 h Y110? 200 g 10°¢ 1104 9000
110° 9000
Pu-235 woo01  310° 0.001 0001 910
253m - Y1108 3108 0.001 110% 910
: 110° 910°
' Pu-236 W 0.001 0.02 8 1012 0.001 2
2.851y Y110° 0.04 210" 110 20
1107 200
Pu-237 W 0.001 3000 110 0.001 110
45.3d Y110° 3000  110° 1104 110
) , : 110% 110
, Pu-238 W 0.001 0.007 31012 0.001 0.9
87.74 y Y1103 0.02 8 1012 110* 9
] : : 1107 90
: Pu-239 W 0.001 0.006 31012 0.001 0.8
' 24065 y Y 110°? 0.02 71012 110 8
110° 80
]
Pu-240 W 0.001 0.006 31012 0.001 0.8
| 6537y Y 110? 0.02 710012 110 8
, 1103 80
Pu-241 W 0.001 0.3 110" 0.001 40
. , 144y Y110° 0.8 31010 110* 400
\ ‘ , 110° 4000
~ Pu-242 - W 0.001 0.007 3 10°12 0.001 0.8
\ 3.76310° y Y 1103 0.02 71012 110* 8
110° 80
', Pu-243 W 0.001  410* 2 10° 0.001 210°
4956 h Y1103 410* 210% 110t 210
) 110% 210
Pu-244 W 0.001 0.007 31012 0.001 0.8
8.26 10" y Y1103 0.02 7102 110* 8
11073 80
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Tabie 1.a, Cont’d.

32.8d

Inhalation Ingestion
ALl DAC’ ALI

Nuclide Class/f, MBq MBq/m’ f, MBq
Pu-245 W 0.001 200 0.07 0.001 80
10.5h Ty 110% 200 0.06 110* 80

1103 80
Pu-246 ‘W 0.001 9 0.004 0.001 10
10.85 d 110* 10 0.004 110 10

110° 10
Americium
Am-237 W 0.001 1104 4 110* 3000
73.0m
Am-238 W 0.001 100 0.05 110 1000
98 m
Am-239 W 0.001 500 0.2 110% 200
119h
Am-240 W 0.001 100 " 0.04 110% 80
50.8 h
Am-241 w 0.001 210* 1107 110 0.03
4322y
Am-242 W 0.001 3 0.001 1 10% 100
16.02 h
Am-242m W 0.001 210* 1107 110* 0.03
152y
Am-243 W 0.001 210* 1107 1104 0.03
7380y
Am-244 W 0.001 7 0.003 110* 100 -
10.1 h :
Am-244m W 0.001 200 0.07 1104 2000
26 m ’

- Am-245 W 0.001 3000 1 110 1000

2.05h ,
Am-246 W 0.001 4000 2 110* 1000
9m
Am-246m W 0.001 7000 3 110* 2
25.0m- ~
Curium
Cm-238 W 0.00! 40 0.02 0.001 600
24h
Cm-240 W 0.001 0.02 910% 0.001 2
27d
Cm-241 W 0.001 1 410 0.001 40

b
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Table 1.b, Cont'd.

3284d

Inhalation Ingestion
ALl DAC ALl
Nuclide Class/f, uCi uCi/em? f, uCi
Pu-245 W 0.001 5000 210% 0.001 2000
105 h y110? 4000 210 110 2000
‘ 110° 2000
Pu-246 W 0.001 300 1107 0.001 400
10.85d 110* 300 1107 110* 400
110° 400
Americium )
Am-237 W 0.001 310° 110 1104 810
73.0m
 Am-238 W 0.001 3000 110% 110% 410
98 m
Am-239 W 0.001 1104 510° 1 104 5000
119h _
Am-240 W 0.001 3000 110% 110* 2000
508 h
Am-241 W 0.001 0.006 31012 110* 0.8
432.2y
Am-242 W 0.001 80 410°% 110* 4000
16.02 h '
Am-242m W 0.00} 0.006 31012 110% 0.8
152y
Am-243 W 0.001 0.006 310" 1 10% 0.8
7380 y
Am-244 W 0.001 200 g8 10® “110* 3000
10.1 h
-Am-244m w 0.001 4000 210 110% 610
26m
Am-245 W 0.001 8 10* 3103 1104 310
205h
Am-246 W 0.001 110° 4107 110*% 310
I9m
Am-246m W 0.001 2 10° g8 10 110* 510
250m
Curium
Cm-238 W 0.001 1000 5107 0.001 210
24h
Cm-240 W 0.001 0.6 210710 0.001 60
274
Cm-241 W 0.001 30 110 0.001 1000
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Table 1.a, Cont’d.

Inhalation Ingestion
ALI DAC . ALl

Nuclide Class/f; MBq MBq/m’ ) MBq
Cm-242 W 0.001 0.01 410% 0.001 1
162.8 d |

Cm-243 W 0.001 310 1107 0.001 004
285y

Cm-244 W 0.001 410% 2107 0.001 0.05
18.11y

Cm-245 W 0.001 210% 910°% 0.001 0.03
8500 y :

Cm-246 W 0.001 210 910°% 0.001 0.03
4730y :

Cm-247 W 0.001 210 1107 0.001 0.03
1.56 107 y

Cm-248 woo01  610° 310* 0.001  0.007
3.3910°y

Cm-249 W 0.001 600 0.3 0.001 2000
64.15m

Cm-250 W 0.001 110°% 5107 0.001 0.001
6900y -

Berkelium

Bk-245 W 0.001 50 0.02 0.001 80
494 d

Bk-246 W 0.001 100 0.05 0.001 100
1.83 d

Bk-247 W 0.001 210* 6 10 0.00! 0.02
1380 y

Bk-249 W 0.001 0.06 310° 0.001 7
320d

Bk-250 W 0.001 10 0.005 0.001 300
3.222h '
Californiom

Cf-244 W 0.001 20 0.009 0.001 900
194 m Y 0.001 20 0.009

Cf-246 W 0.001 0.4 110 0.001 10
357 h Y 0.001 0.3 110%

Cf-248 W 0.001 0.002 110% 0.001 0.3
333.5d Y 0.001 0.004 210

Cf-249 W 0.001 2 10* 610°% 0.001 0.02
3506 y Y 0.001 410 2107 '
Cf-250 W 0.001 310 1107 0.001 0.04

Y.0.001 0.001 4107

13.08 y
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Table 1.b, Cont'd.

Inhalation Ingestion
ALI DAC *° ALl

Nuclide Class/f, uCi uCi/em? fi _uCi
Cm-242 W 0.001 0.3 11010 0.001 30
162.8 d
Cm-243 W 0.001 0.009 410" 0.001 1
285y
Cm-244 W 0.00! 0.01 5101 0.001 1
18.11y _
Cm-245 W 0.001  0.006 310 0.001 0.7
8500 y ]
Cm-246 W 0.001 0.006 3 10'.lz 0.001 0.7
4730y : '
Cm-247 W 0.00! 0.006 31012 0.001 0.8
1.56 10" y :
Cm-248 w 0.00! 0.002 710" 0.001 0.2
3.3910°y
Cm-249 W 0.001 2104 710°¢ 0.001- 510
64.15m
Cm-250 W 0.00! 310 1101 0.001 0.04
6900 y
Berkelium
Bk-245 W 0.001 1000 5107 0.001 2000
494d
Bk-246 W 0.00! 3000 110° 0.001 3000
1.83d
Bk-247 W 0.001 0.004 2 1012 0.001 0.5
1380 y
Bk-249 W 0.001 2 710 0.001 200
320d
Bk-250 W 0.001 300 1107 0.001 9000
3.222h
Californium
Ci-244 W 0.001 600 2107 0.001 310*
19.4m Y0001 600 2107
Cf-246 W 0.001 9’ 410° 0.001 400
35.7h Y 0.001 9 410°
Cf-248 W 0.001 0.06 310" 0.001 8
33354 Y 0.001 0.1 410"
Cf-249 W 0.001 0.004 21012 0.001 0.5
350.6 y Y 0.001 0.01 4101
Cf-250 W 0.001 0.009 4101 0.001
13.08 v Y-0.001 0.03 1 1o

i,
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Tabie 1.a, Cont’d.

55 d

Inhalation Ingestion
ALI DAC ° | ALl

Nuclide Class/f, MBq MBq/m’ f, MBq
Cf-251 W 0.001 110* 610° 0.001 0.02
898 y Y 0.001 410* 2107 :
Cf-252 W 0.001 710* 3107 0.001 0.09
2638y Y 0.001 0.001 5107
Cf-253 w 0.001 0.07 310° 0.001 7
17.81d Y 0.001 0.06 310°%
Cif-254 W 0.001 8 10* 3107 0.001 0.08
60.5d Y 0.001 6 10 3107 :
Einsteinium .

" Es-250 W 0.001 20 0.008 0.001 2000
2.1h
Es-251 W 0.001 30 0.01 0.001 300
33h ,
Es-253 W 0.001 0.05 210% 0.001 6
20.47d
Es-254 W 0.001 0.003 110% 0.001 0.3
275.74d
Es-254m W 0.001 0.4 210* 0.001 10
39.3h
Fermium
Fm-252 W 0.001 0.5 210 0.001 20
22.7h
Fm-253 W 0.001 0.4 110* 0.001 40
3.00d
Fm-254 W 0.001 3 0.001 0.001 100
3.240 h
Fm-255 W 0.001 0.8 310% 0.001 20
20.07 h
Fm-257 W 0.001 0.007 310% 0.001 0.7
100.5 d
Mendelevinm
Md-257 W 0.00! 3 0.001 0.001 300
52h '
Md-258 W 0.001 0.009 410" 0.001 0.9
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Table 1.b, Cont'd.

Inhalation Ingestion
ALl DAC ALl

Nuclide Class/f, uCi uCi/fem?® f, uCi
Cf-251 W 0.001  0.004 210" 0.001 0.5
898 y Y 0.001 0.01 410"
Ci-252 W 0.001 0.02 8 1012 0.001 2
2,638y Y 0.001 0.03 1101
Cf-253 W 0.001 2 8 10°1° 0.001 200
17.81d Y 0.001 2 7101
Cf-254 W 0.001 0.02 9 1012 0.001 2
60.5d Y 0.001 0.02 71012
Einsteinium .
Es-250 W 0.001 500 2107 0.001 410*
2.1h ,
Es-251 W 0.001 900 4107 0.001 7000
33h _ ,
Es-253 W 0.001 1 6 10°1° 0.001 200
2047 d
Es-254 W 0.001 0.07 310! 0.001 8
275.7d
Es-254m W 0.001 10 4107 0.001 300
39.3h
Fermium
Fm-252 W 0.001 10 510° 0.001 500
22.7h
Fm-253 W 0.001 10 410° 0.001 1000
3.00d
Fm-254 W 0.001 90 410°® 0.00! 3000
3.240 h :
Fm-255 W 0.001 20 910° 0.001 500
2007 h
Fm-257 W 0.001 0.2 710" 0.001 20
100.5d
Mendelevium .
Md-257 W 0.001 80 410 0.001 7000
52h
Md-258 W 0.001 0.2 1101 0.001 30
55d

IR
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TABLE 2.1

Exposure-to-Dose Conversion Factors for Inhalation

Explanation of Entries

Ch“/‘l:

For cach radionuclide, values in SI units for the organ dose equivalent conversion factors,
hr.so, and the effective dose equivalent conversion factor, hg so. based upon the weighting
factors set forth on page 6, are listed in Table 2.1 for inhalation.

The bold-face entry for a radionuclide indicates the factor used in determining the ALI for
inhalation and DAC in Table l.a.

earance class (D, W, or Y) and the fractional uptake from the small intestine

The lung cl
rms of the radionuclide. The vapor form is noted as

to biood (f;) for common chemical fo
Iv.'

The tissue dose equivalent conversion factor for organ or tissue T (expressed in Sv/Bq),
i.e.. the committed dose equivalent per unit intake of radionuclide.

The effective dose equivalent conversion factor (expressed in Sv/Bq), i.c., the committed
effective dose equivalent per unit intake of radionuclide:

hgso = 2 Wrbrso -
T

To convert to conventional units (mrem/uCi), multiply table entries by 3.7 x 10°.

As an example, consider the factor for lung for inhalation of a class W form of Be-7:

= 2.15x 107'°Sv/Bq
x 3.7 x 10° = 0.80 mrem/uCi.

hlmso

121
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Dose Conversion Factors for Inhalation

Commitied Dose Equivalent per Unit Intake (Sv/Bq)

Nuclide Class/f) Gonad Breast Lung R Marrow B'Surflce Thyroid Remainder Effective
:-3 velo 17310t LT3 ot 173t 173 T Rl B X I (A Y T AL W 7 3 { AL &£ (i
Be-7 w103 372100 312 ot 21510 458 o 40910" 260 10t sas 1ot 637 Ul

ysio? 31710 38210 3731070 399 ot 298 10" 31010" 7.2310" 867 o
Be-10 w5107 594107 594 o 42210° 1.77 10° 5.26 10° 594 10  24410” 9.75 10?
v 5100 256107 256 1t 778107 1.65 10" 22710° 25610°° 235107 958 10°
Carbos
c-11 100 3411077 298 1012 309107 3.8 102 30310M 297 1007 354100 329 w0
108 1.2410% 108 1082 nL1210M 116 10 11010% 108 108 12910 120 10
1ot 222101 194 102 201 10" 207 10 19710 193 2 2301017 204 109
C-14 100 5641070  5.64 100 564100  5.64 101 56410 564 1010 5641070 5.64 10"
100 78310" 783 o 7.8310" 783 e? 78310 783 wo? 783100 783 10
100 636107 636 108 636107 636 o 636101 6361077 636 o' 636108
Fluoriae
F-18 plo 21710M  3.88 102 109101 276 1o 21910 347 10 1.3710" 226 [l
w10 870100 27410 129 10 10210 996 10" 244100 80810 201 oM
Y10 62510  2.66 1002 140100 6.57 10" - 6211017 232 it ggsie? 2t
Sodiem
Na-22 pio 177107 1.65 10”? 24710° 273107 3.5110° 1.60 10° 2.00 10° 2.07 10”
Na-24 D10 17810 L6l 10 125107 213107 25810  1.53 o0 235100 327 10
Maguesiom
Mg-28 D510t 291107 207 10 296 10° 796 10"  1.4210° 178 107 1.0410° 9.16 101
w5100 259101 146 10 5.9210° 40310% 64010 10710 1.5510” 133107
Aluminum .
Al-26 p11o? 18710° 1.56 10°* 1.67 10° 39810°% 37910° 1.44 10° 2.04 10° 2.1510°
w110? 6.3910° 6.04 10° 9.66 10° 1.24 10°* 1.14 10°¢ 5.24 107 1.14 10° 195 10°
Silicon
Si-31 D110 454107 453 1082 292107 453 1007 453101 453 10 72010 . 593 ot
w1102 120107 120 1012 359107 1.20 101 1.19 1012 L1910t a0t 552 o
Yi110? 15610 745 10" 386100 7.46 10 1.3410M 1341070 463 1ot 603 10"
Si-32 p110? 5.5910° 5.59 10° 5.87 107 5.59 107 5.59 10° 5.59 10° 5.83 10° 5.70 10”
w1107 153107 1.5310° 1.02 107 1.53 10° 1.53 107 1.53 10° 3.2110° 1.41 10"
yiio? 731100 1.3 100 22710° 73110% 131101 131 10 270107 274 107
Phosphores
P-32 D8 10" 48310M 483 10 250 10° 5.97 10° 5.8110° 483100 794107  1.64 10°
wsi10® 337100  33710% 256 10¢ 4.17 10" 4.0510° 33710 118107 4.19 107
P-33 psio' 69610 696 o't 296 10" 3T 100 984100 696 10" 1.05 10 171 10"
w0t so0610"  5.06 o 42210 26910 715100 506 o 1.50 107" 6.27 107"
Selpher .
§-35 pglot s71010" 570 1ot 204107 57010 5.70 10" s7010M 19910 815 o
w810 454107 4sal0t 507 10° 454 10" 45410% 454 ot 11510 6.69 10"
Gases 9.5510" 955101 955 ot 9ssiogt 95510t 9.55 w0 22510 121107

*V denotes water vapor.
Labelled organic compounds.

$Carbon monoxide.

$Carbon dioxide.
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Table 2.1. Inhalation. Cont'd.

Committed Dose Equivalent per Unit Intake (Sv/Bq)

Nuzhde Cass/ |, Gonad Breast Lung R Marrow , B Surface Thyroid Remainder Effective
Chlorin2
Cl-36 Do S0410M 50410 133107 50410 504101 504101 5.4 107°  6.06 10"

Wi 5041670 5041070 456 10 504100 504107 504 10 53610 $9310°

38 DL 3851077 42110 220 10 418107 39110% 385 10" 24910% 36210
w0 Lixieh 178 10%°  24310%" 175100 185 102 15410t 653107 320 10!
Cldy e ase 10t sa210 177107 509 10% 465101  4.60 100 22110 3.06 10°"
Wiy LIBI0T 244100 200107 236 102 20410M 2081007 7.80 102 27510
Potassium .
K-40 S 31910° 3.08 107 4.66 10° 3.10 107 3.07 10° 3.06 107 3.21 10° 334 10"
K-42 Do 1081C% 10610 215107 1061010 106101 105107 157 10 3.6710%
43 e 969107t 9.60 107 758 101°  1.0310°  9.65107  9.45 10! 1.31 10°'° 1.87 10°%°
Kedd poa 208 2857100 1361070 252 ot 228100 2381007 1s910t 22410
) P pre raget 172100 83510t LIt ioY . LSt 1.44 10" 1.01 10" 1.39 107!
Calcium
Ca-3 v o 24110t 2981007 453100 162107 365107 257 10 1s310t 36410
Co-43 Wit 44950 44910 9.67 10° 2.92 10® 4.39 107 4.49 10" 42710 179107
', Ca-4” @0t 320107 194107 7.8910° 9861070 271107 147 10 16910° 177107
Scandium :
Sc-43 vt 1Eret 101077 343100 822 1017 49810 428107 156107 7.00 ot
Sc-4e vt 269 10t 133100 6.56 1070 14810 905 102 85710 1.45 10 13310
Se-ddrm vt 7391070 18610 6.5810° 248 10 131100 89610 3.36 10° 2.05 10”
So-dn Y o1iet 130 i0f 215107 462 10" 2.21 107 1.68 10° 2.02 10° 4.79 10° 8.01 10°
Se-4” vy i 270101 L5 ettt 2.0310° 2.46 10 139 10" 46410 7921070 498 10"
Sc-48 vt 7Ta0® 207107 277107 260100  1.34107° 105107 172107 1.11 10°
Se-10 ot 260 104 266107 2061010 460 107 454 1" 26110 93010 27510
: Titaniom .
) Tiedd Lot L2197 1.09 107 1.12 107 1.22 107 115107 1.10 107 1.34 107 1.22 107
Wt 220107 3.04 10 1.47 107 1.39 10 3.14 10 3.03 10° 411103 4.84 10
’ vt e 1ot 3.99 10 1.97 10°¢ 4.1710°% 3.49 10 3.70 10°* 6.91 10 275 107
| Ti-3% LT Les 10t 10110t 23610 L1010 880 [oi2 g3010M 74710 S8210M
) Wit 90t 5391007 29310 575 1017 42210 4181017 44210 821 o
voet TR010M 43310 313107 469 101 296107 287107 s2810% 569 1w
} Vanadivm
V.47 pret o 19710M 1931077 1051010 219 10 189100 Le510M 17410 1.90 10"
w10 4910t 99210 115107  1.0410" 881100 89210 393 10 154 10"
' V4R P 94010 643107 134107 2.27 107 2.43 10 48210 137107 1.26 10”?
t Wt 130107 74210 11410°% 1.08 10° 86910 551 101°  2.6010° 2.76 10”
i Vead Daet 109 10 1.08 10" 239 10" 16510 41910 L1110 1.88 101" 4.56 10°M
] Wiioe 280100 28710M 630107 40410 Lo31ot®  27110% 28610 93310
Chromium ) .
Ci-48 ot pa2e? 1560 143107  1.0510%  89210"  6.8010" 152107 12210
Wit 131107 essioM™ 779107 83110t 570 oM asg ot 20710 21110"
! vt 13610 655107 9.50107°  8.10 ot s2010M 46810t 2221010 237 )
Cr-49 Lilod 2galo? 254100 1021010 282 101 2361007 210107 19310" 196 10
I Wiot 79910 1agiof? L1310 14210 L8 107 ps10tt 51310M 18710M

! Y16t 4ot 100 1.04 10712 1.22 10°%° 1.09 1072 82810  83210P 579 1007 1.68 100
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Committed Dose Equivalent per Unit Intake (Sv/Bq)

Nuclide Class/f, Gonad Breast Lung R Marrow B'Surhcc Thyroid Remainder Effective
Cr-51 D110t 27110M 194 ot astott 2.68 o 27410M 182 ot assiot 29510t
wiiot 22110M  Lsoott 377 o 1g7i0M  1sol0tt 11O o as3iot 70810
y1i1o! 20310 158 o sa3anet® 187 o 139 10" 108 10" s26 10t 903 10"
Manganese .

Mn-51 p1iot 357100 322 101 1661070 413 1012 407107 279 10t 30110" 310 1 al
w10l 1041017 15610 186 10 1781077 1.64 w2 1w 183 10 28510t
Mn-52 D1107 96310 661 1w 131107 1.20 10? 1.20 107 48910 18010° 1.23 10”?
wiio! L1710? 52110 424107 699 10  S30107 341 jo'° 184 10" 1.54 10"
Mn-52m p1iot 20710 227 1012 10310 243 10t 2061077 1.82 1012 psTiott 183 o
w110t 634100 13 1o? L1 L3l 10%2 10810t 108 10 3mwet? 180 o
Mn-53 D110t 7.8110%%  1.64 10t 23410 107 10 111107 798 102 sas 1o’ 6.78 wo"
. w110t 295107 314 102 87010 372 10"t 3851010 278 10 42710 135 10"
Mn-54 D110t 88510 9.13 10 118107 1.66 107 2.56 10° 6.5210"  20910° 14210°
wiil0' 70910 8591010 666 10° 1.10 10? 1.25 10° 74010" 1712107 1.81 10°
Mn-56 D110’ 219 10" 147 10" 4401070 236 ott 205 101 1.20 10" 125 10" 102107
w110t 94610 179101 537 o o210t s2310M 618 o esolot  serot
. 11::‘-32 p1i0t 178101 104 10 170107 L1510M 94310 859 o' 16710 813 10"
w10t 129107 ss3iot 253 10 6.66 107 as010?t 382 1ot 78910 592 10"
Fe-55 p1i1ot 52310  5.09 o' 51910 517107 514 o't 54210 121107 7.26 10"
wilo! 17910% 174 10 106107 176 10°%° 17510 185 100 43710 361 10"
Fe-59 p1io! 332107 3.01 107 3.50 10 318107 29110” 2.95 10° 5.81 10” 4.00 10”
w10 139107 1.26 10° 1.38 10°* 1.3110? 111 10° 1.17 10°* 2.96 107 3.30 10”
Fe-60 pi1iot 173107 1.55 107 1.55 107 1.62 107 1.50 10”7 1.50 107 2.93 107 2.02 107
' w 110" 606 10" 543 10° 1.31 10° 5.69 10° s5.28 10 527 10° 1.03 107 7.2910°

Cobalt
Co-55 w5102 200101 656 10" 1.71 107 284107 aesiot  39s10 178 100 51010
ys510? 226100 61910 178 10° 768 10" 40310 312 10" 914100 5.65 10"
Co-56 w102 2.3410° 2.15 107 2.79 10° 221107 1.68 10° 1.82 10° a7210° 6.04 107
Ysi0? 216107 3.42 107 5.93 10° 3.36 107 2.5310° 291 10° 67010° 10710°
Co-57 w5100 163107 1561070 4.05 10° 25410 19710" 113 10 40510 712 10"
Y5102 124100 3751070 1.69 10t 588 1010 452107 271 100 822100 245107
Co-58 ws10? 65210 6.1l 10 7.94 10° 63310 478107  5.52 1010 1.35 107 1.712 10°
y510? 617101 93710 1.60 10°* 923 10%° 69310 872 10 1.8910° 2.94 107
Co-58m wS510? 3491072 338101 882 10 3481077 2.68 o 309100 19010 182 ot
ys5i0? 314100 5031007 134 10 492100 372 102 469100 232100 284 10"
Co-60 w5102 405107 4.16 10” 3.5710°% 425107 3.54 107 372 107 7.65 10° 8.94 10”
Y5102 4.7610° 1.84 10° 345107 1.72 10% 1.3510° 1.6210° 3.60 10° 591 10°*
Co-60m w102 19710M  20810M 286 o 21210% 18310M 185 1% sa610't  3.70 108
ys10? 18310 1210t 416 o1 66710 s2510M 620 10¢  1.60 10" 574100
Co-61 w5102 803107 80010 183 10" 104107 899 o 68710 1.26 10t 26210
ysi0? 33010 301100 198 1o s210® A2 o Lot 1s410tt 286 w0t
Co-62m wWs10? 326100 854100 678 ot s1610M 66910 179 o 2121017 a2  {a
Y5107 Le410% 731100 714 " 68410 533100 645 ot 221100 950101

Nickel
Ni-56 D5102 77610% 4961070 699 1000 s671010 4861070 479 1o 871310 I 10"
wWS10? 787100 421107 3.68 10? 48110700 33510 327 10 104107 1.09 10”
Vapor 111107  946107° 109 10* 105107 9s710%° 973100 128 100 11210°
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Committed Dose Equivalent per Unit Intake (Sv/Bq)

Nuclide Class/f, Gonad " Breast Lung R Marrow B Surface Thyroid Remainder Effective
Ni-57 Ds10? 230107 95110t 561 100 L1210t 82010 692 ot 43310M 28710
ws10? 333100 102100 141 10? 12410 104 10" 516 ot 7.4810°°  S11107
vapor 164100 1.4 o' sssi0t0  1s710° 142 10 136107 199 10 216 107
Ni-59 D510? 35910 346 100 3591070 354 10 astiot? M W00 36310 388 10"
w5107 109107 105107 1.20 10° 106107 10510°° 114 107 130107¢ 248007
vapor 743107 115 o' 714101 7311000 728 10 780100 3310t M 107
Ni-63 psi10? 82210M 822107 874 e 82210 822107 g0 100 859107 839 10
w5102 24710 247107 3.07 107 24710 247107 247 109 36710 622 10°*
vapor 1.70 107 1.70 10” 1.73 10° 1.70 10° 1.70 10° 1.70 10° 1.70 10 170 107
Ni-65 D510° 8461017 648107 3.1 10 67010 579 10 ssal0tr 79810 655 10"
w100 327100 295101 381 100 299101 238 o 230100 s et 599 107!
vapor  1.08 107" L2110 68010 p21 10" 1.14 10" 116 10" 166107 93210
Ni-66 ps10? 128100 122107 284 100 r2210M L2010 121 10 178 10° 9.48 10°"°
ws10? 43010"  29710" 952 10 o910 277100 2750070 36l 10" 225 107
vapor 268 107  2.67 e 237107 268 10 2.6710%° 268 o' 337100 53510
Copper
Cu-60 psiot 312100 339100 9.66 ot 3310t 274101 271 ot L7610t 18710
w100 892101 206101 1.C4 w0 199100 162107 L5 100 50710 149 10"
ysio! 49610 1.80 102 Li1ig'® 170 10 131107 1.45 1077 528 10 156 o
Cu-6! D510t 14310M  rosalot 218 100 L1310t 94410 9.06 o sel 100t 500 107"
w10t 700101 582100 273 1000 619107 479 1072 4811077 346100 - 4e8 "
Y510t 677107 496 1012 2931070 528101 374 o 373100 40610 5.06 0"
Cu-64 D510 16410 1.23 107" 20310 13410 1.20 10°" Li6 1oV 67410 529 1w
wsi1ot L2110t 126101 335 10 799107 634107 610 10 18910" 69310
vys5iot 124101 6381077 3.50 00 7121017 5291017 498 101 920100 74810
Cu-67 Dsi0! 130" 61010t 460 10 12410"  emiott 581 10" 296 107 1.8310°%°
wsi0' 496107 350107 152107 44310M  3TT10M 30510t 358 107 315101
ysiot 47710 3.08 10" 1.59 10° 399 107 32910 2.60 10°"! 395 10710 33210
Zinc .
Zn-62 Y510t 67410 3.73 10" 2.78 107 sg3 10 4am ot 2.64 107" 6.40 10°1° 8587107
Zn-63 ysiot 378100 971100 1641070 938 WP 20100 s27100 62810M 220 1ot
Zn-65 Y 510 2.03 107 3.08 10° 2.1010°% 3.62 107 3.36 10° 3.02 107 4.66 10°° 551 10"
Zn-69 ysi00 27710M  27710"  8.00 o 3sel0tt 34310t 277 0% 321100 L0610
Zn-69m Y 5100 33010 173 10 1.00 10* 298 10" 238107 L3si1ott 28310 220 10"
Zn-Tim Y 510t 16110 Lioto"  58710%° 12810t 925 10 813100 899107 1.05 10"
Zn-72 ysiot s1810° 279100 521 10° 4641010  55310M 2281070 159 10° 1.35 10”
Gallium . .
Ga-65 D110° 732100 897100 544 10 9s010M 898100 7.69 o8 685107 9.07 101
wi10? 22310%  sa710M 580 10M 542100 465107 4.66 " 143107 .61 801
Ga-66 p1io? 137100  23110M 1.36 10? 14710° 130107 61110t 639 10 423107
wi1i0? 11010%  42910% 207 10? 635 10" 4s9ioM 278107 7.03 107 50310
Ga-67 D110° s0410" 280 10" 1.48 107° 80010 398 oo 22510 128 10 9.50 10
wi10? 61210t 183t 537100 37 ol 18410 943101 204107 151 10"
Ga-68 D110° 54910 4401077 188 100 s7110M 491107 37T joi? agsiott 37410M
wW110° 1.6910% 215100 215 10 24710" 206100 188 10 126 10M 30710
Ga-70 D110° 375100 376100 530107 445 o 439100 375100 644 107 ss210"
wiio? Li1ieY L1410 s7410" 13410 132100 114107 957 1wl 7124107




Table 2.1, Inhalation, Cont’d.

126

i,

Committed Dose Equivaleat per Unit lntake (Sv/Bq)

Nuclide ~ Class/f;  Gonad Breast Lung R Marrow B Surface Thyroid  Remainder  Effective
Ga-T2 p110® 20010% 975 1!t 993100 1T 10 152100 783 o 592107 3s90t
w110? 205100 686 1" 167107 944 10M 62310 399 ot 15310 50210
Gs-T3 p110? tssiott 105 10" 414107 233 ot 3s010M 915 o8 139100 1.0110M
w1107 7821017 437 o2 55410t 197 1002 98510t 316 o 109107 10310
Ge-66 - pi1o 18s10" 195 10" 34510 205 ot 1.87 10" 19210 42210 6352 LAl
w10 10510 14510t 557 o 14siot 13010M 1LY ot 37910t sse ot
Ge-67 D10 12210 163 1082 10110 1.66 10 14910" 147 102 116107 164 1wk
w10 39010%  8s110M 110 o ses10  7.3910Y 763 o 261100 Leao™
Ge-68 D10 154100 154 o 236107 15910 L5210 152 1000 25410 44 10
w10 216107  7.50 10 111107 717100  S9410%°  6.90 o 1.4310° 1.40 10°
Ge-69 - D10 423100 4s910% 533 1000 48110Y 436101 453 ot g2 10" 1a510"
w10 300107 502 1o 1.44 10”7 503 10" 435101 482 10" 1.0210%° 227107
Ge-71 D10 12010 L1610 253 ot L7 1as1et? 130 102 208100 43510
W10 945107  13610% 266 1o 92210”7909 i0" 102 o2 206100 33110M
Ge-75 D10 19310' 196 o' 119100 1981072 196 joh 194102 127100 192 o
w10 S7810  e2210M 139 o 63110 615100 6.03 10?  42010" 18310
Ge-77 D10 44210" 475 " 1.07 107 500107 466107 456 1ot L1210% 189 10"
w10 259100  34310" 198 107 356 10" 32110 3as10M 977 ot 28510
Ge-78 D10 1.2510" L3410" 44410 138 107" 1.30 10° 12910 42410" 7181 o
W10 459101 633101 551107 636 o s74100  sssiot 274100 R7s20M

Arsenic ' '
As-69 wsi10t 99910" 8741007 9.52 1wt 90810 a8 10M 747 w? o a0310M7 13210M
As-T0 w10t 318100 536100 225 100 5261077 420107 470 102 1ssiot 3.e2i0t
As-Tl ws100 116107 60010 153 10? 732100 52610 44410t 3.68 10 34410
As-T2 wstol 2011010 10910 511 107 12010  9a310M 88510t 1.34 107 1.10 10?
As-73 wsiot 30110t 330101 694 10° 360100  33110% 27410 276 10 93410
As-74 w100 317100 291100 132 10 304 10° 244107 255107 129 10 21510”
As-76 wsi0! 75410 s53310M 502 107 559 10 49010 4.80 101! 1.24 10° 1.01 10?
As-T7 w10t 12010 L1310t 146107 Lsiot L2t Ll ot 34310 285107
As-T8 w5100 355100 418101 507107 418 o7 3s410t 3701077 30410M 722 10!

Selenium

Se-70 psi1o' 11610™ 1os 10 22810 L1210t 9.43 1017 936107 4s6 10 475 ot
ws 10" 38010 5841017 261 1% 584101 47410' 5.0 101 1.82 107" 396 10"
Se-73 psgio' 370100 32410 483 10 3.69 10" 32110t 29010 L1810 L1410
wg 10t 22410M 208100 705107 234 ot 19310t LIs1ot 892100 - 124 10"
Se-73m D810 3.1610% 28510 582 10" 31710 218101 256 o2 L1t 12zt
‘ wegio! 178101 115107 774107 194 10 160107 15010 733 10 125 10
Se-75 pgi1o' 1.2910° 1.08 107 1.36 10° 1.54 107 1.27 107 85210  3.5010° 1.95 10°
wg10' 1.1010° 1.09 107 5.44 10° 1.50 10° 1.23 107 8.3910'  3.1810° 2.29 10”
Se-79 D810t 679101 6791070 847 10 61910% 619107 679 o' 4.2410° 1.7710”?
wgilol 598100  59810%°  9.8110° 598100 598 107%° 598100 377 10? 2.66 10?
Se-81 D810t 313100 315100 445 ot 31510 3410t 314 100 482100 e9710M
wg10" 90510 9.3210M  47910" 934 oM 92510% 926 10 . 6.81 10 60110
Se-81m D810t 214101 213100 137 1w 216102 2131007 211 102 20610° 23910
wgi10! 602100 621107 159 10°  63310" 621100 6.08 10 ea3si0? 2a310M
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Committed Dose Equivaient per Unit Intake (Sv/Bq}

Nuclide Class/f, Gonad Breast Lung R Marrow B Surface Thyvroid Remainde- Effective
Se-83 psiot 227100 . 2.60 jo2  7e110M 262101 123 o 223100 12910t 148 10"
w10t 67910M 145107 894 10" 14310707 119 o' 120100 48 1ct 127 1w
Bromine
Br-74 D10 334101 437 10° L2710 43110 374 10 39510 1.93 10" 23310
w10 107100 252 102 138 1070 245107 2.03 101 2810t 6.27 D 1.95 10°"
Br-74m D10 662100 830 102 24510 8.7 100 736107 T.64 ol 353t 443t
w10 207107 4310t 271 100 42610 3.60 112 39810 1.2l 10 3.81 10"
Br-75 D10 6751077 8.01 108 196100 843 1007 164100 742 10 2.50 107 384 10"
W10 240107 43010 230 100 ass10% 3821007 383 o Lot 33310
Br-76 D10 166107 1581070 . 145 109 L6510 1541070 LST 100 22630 336107
w10 101100 1161070 255 10° L9107 1os10™  Li210M 207 joe 43210
Br-77 Di0 465107 428 10! L1210 49710" 447 10t 42010 582 ottt 8510t
w10 338101 40210 280 100 4410t 392100 379 w0t 629100 746 107"
Br-80 Di0 402100 425 o soriott 42410 41610 419107 456 2 16210
w10 Litie?  13at0t 837 o L33 127100 L2 10M 67110 672 IR
Br-80m pio 1.8010" 1.8210% 584107 186 1ot 1.84 107" 1.81 10" 3g7 100" 92210
wio 753101 794 o 17710M 80810 792 ot 77510 268107 1.06 10"
Br-82 D10 25210 237 10 7.8210° 254 100 231100 238 10 3151010 331 10
w10 169107 21010  1.68 10 218 107° 192107 206 o0 3310t 4130
Br-83 D10 328100 329 o 1501070 33010 329 1 3.2910F .13 1o 2.33 10"
w0 11310 L1410t 182 10 L1410 L1410 Lia 10t s3r1et 2.4) 10"
Br-84 D10 2841077 3311017 156 10 32710t 29910 312 10t 187 10" 2.61 107"
wio 85110" 1.55 10712 1.71 101° 1.51 10" 1.31 1012 143100 49810 227 10"
Rubidium .
Rb-79 D10 1211077 L7010 7.94 10" 1.76 107 1.62 10 15310 93t 1.33 107"
Rb-81 p1o 9.9 10" 1.09 10" 1.83 10 1.35 10 1.50 10" 1.03 10°" 222 10" s 1t
Rb-81m DLO 131100 14310 299 107" 1.77 107 1.98 10°¢ 1.35 10" 328 1017 543101
Rb-82m D10 38010  4s3iot 253 100 522107 48310t 437 1o 754 10t 7.8310M
Rb-83 D10 125107 1.10 107 1.35 10° 1.64 10° 1.90 107 1.10 10° 1.36 10° 1.33 10"
Rb-84 pio 1.5810° 1.44 107 2.03 10° 2.1510° 2.77 10° 1.44 10° 1.75 10° 1.76 10°*
Rb-86 D10 13410° 1.33 10° 3.30 107 232107 4.2710° 1.33 107 1.38 107 1.79 10?
Rb-87 D10 716107  7.1610%° 105 10° 1.27 10° 2.40 10° 716100 1201070 8.74 10
Rb-88 pLo L30" 1.43 101 1.47 10°1° 1.45 1012 1.47 107 1.37 10 1.38 107! 2.26 10°"
Rb-89 D10 13410% 173 10" 680 10" 202 10" 254 1078 L6110 81410 1.16 10"
Strontium
Sr-80 p3i0t 16810" 14210% 6991070  1.53 10" 1.04 107" 1.30 10" 14310 136107
y110? 335101 321100 887 100 3261000 223100 242 o'z 73110 1.30 10°*°
Sr-81 p3iot 353100 294101 120 10 3ae10M 233107 248 10t 214 10" 2.28 10"
Y1107 143100 126 102 145101 135100 928 100 9.us10M 961107 210 10"
Sr-82 p31o’ 137107 1.23 10° 5.54 10° 8.22 10° 115 10° 1.21 10° 3.5310° 3.62 10"
Y1107 62610 465107 110 107 6.08 10° 519100  3.64 10 10110 1.66 10*
Sr-83 D310t 1.1010%° 660107 4.69 1070 149107 367107 580 oV 2561010 2,01 107
Y1107 L7510 507 10! 1.36 10° 6.35 10" 395 10" 27110t 623 10 41110
Sr-85 D310 444107 372107 4.66 101 920101 102107 36310 47610 518 107"
Y110? 3341070  4.65 10 71510° 46510 350100 385 0% 9.0510"° 136107
Sr-85m D3100 126100 892100 641 1047 1.50 10712 194 1072 66210" 258 1o 22510
yi110? Ssit10? 679107 120 ot 753100 5561070 4.64 o 169 101 230100
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Committed Dose Equivalent per Unit Intake (Sv/Bq)

Nuclide Class/{; Gonad Breast Lung R Marrow B Surface Thyroid Remainder Effective
Sr-87m D310 4541077 274101 447 oM 32010% 233107 211107 138 10" L1610
v 110! 24810 1431017 581107 166 o o410 ss410t no3ot L2 1t
Sr-89 D310° 416107 41610 216107 5.63 10? 8.3710° 41610 132100 1.76 10
v110® 795101 796107  83510° 107107 15910 7961007 3.97 10° 1.12 10°
Sr-90 D310t 264107 2.64 10° 3.7310? 3.36 107 727 107 2.64 10" 3.36 107 6.4710%
Y1107 26910 269100 286 10¢ 3.28 10° 1.09 107 260107  S57310° 381107
Sr-91 D310t 641100 44siot 921 10 123107 L1410 408 1" 3.3310% 25210
Y 110 56510 17410 213 10? 223 10" 12710%  9.641017 5781070 449 10"
Sr-92 D310t 303101 24410M 7021070 3.68 ot 2s610M 219107 2251070 170 10
v 110? 1.0210" 649107  1.0510° 698 10" 4361072 39210 290 10 21810
Yttrium .
Y-86 Ww110* 28610  9.16 10" 1.12 10° L2710 839101 49710 6.06 10 42110
Y110* 33010  9.05 10" Li610° L1210 © sg7i0t 43210 710 10 46510
Y-86m w1104 16310 526101 666101 133 10 493100 282101 34710 244 o
v110¢ 18810" 519107 691107 649 1017 34010 244107 406107 2.69 1w
Y-87 w1104 27110%  82410M 136107 1451010 13210 45410 60810 448 10"
y1104 3o0110% 77510 142107 103107  s7010M 37310 67310 474 101
Y-88 w1104 2.8110° 2.94 10° 1.58 10°% 4.76 10° 5.66 10° 1.83 10° 5.7210" 555 10?
Y110 179107 3.29 10° 3.53 10°¢ 3.3210° 2.64 107 2.6210° 6.20 10° 7.59 10”?
Y-90 Wi10¢ 952101 952101 889107  27910%° 278107 9.52 10 34010° 213107
v1104 s1710m®  s1710M 931107 1s210M sttt si710t 387107 2.28 10”
Y-90m w1104 601107 381107 48510 185 1o 17510 2.64 1072 1.8510°  L1910°"
v110* 62710M 32610 5091070 46l 10?7 314100 1911007 21210 12710%
Y-91 w1104 n1116%  piriet® o s2s 10t 5.55 107 5.54 107 11010 5.1210° 8.72 10"
v 1104 820100 89210% 98710 31910' 318107  8soi0t 420107 1.32 10*
Y-9im w110 43310" 713100 41910t 39410 379 1012 62310M  41510"t 709100
y1104 321108 608107 70010" 774 oY 62110 s0210 374100 982 108
Y-92 W 110* 48610%  40710%  L1610° 128 10" L2310 369107 1671070 193 101
Y110* 2611017 150107 124107 207101 15110 105 1012 20310 21130
Y-93 Wil04 865100 5791017 24010°  41410M  a0410" 506100 774 10 529 107"
Y1104 5311007 174107 252 10" 404 10 314107 926107 925107 582 10"
Y-94 w1l10¢ 390107 69010" 139107 74610 658 10 668 10" 2801077 L7810
Y110° 12310 440100 14810 418 1o 32100 41210" 308 10" 1.89 10
Y-95 wW110¢ 261107 399100 744107 675 100 2761017 3.46 109 120102 9.59 10°%
Y110¢ 10710Y 317100 o410 320100 379 o 27910M 125101 10210
Zirconium
Zr-86 D210° 28410% 134107 50110  31610%° 377 10° 1001070 47110 345107
wW210? 41910 L1110 124107 16910 124107  S6010% . 839107 548 107
v210? 472100  1.0510%  1.26 107 1401070 7.0210" 434107 9641070 594 107
Zr-88 p210? 375107 4.33 107 4.02 107 1.34 10° 2.29 10° 2.32 10? 434 10° 573 10"
w210 124107 160107  9.3810° .3.6810° 567107 99510 207107 294 10?
Y210 70510 264107 3.39 10* 2.70 107 233107 2.1510° 4.94 107 6.58 10*
Zr-89 D210° 27710%  16910% 547100 507107 594 0%  1.3610°° 484 10%° 388107
w2100 36210" 12210% 183107 198 100 16110  7.94 10°" 821101  6.06 107
Y2100 39410 p1010%° 191107 13810° 77010 637100 9.1910° 64l 10"
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Committed Dose Equivalent per Unit Intake (Sv/Bq)

Nuclide Class/f, Gonad Breast Lung R Marrow B Surface Thyroid Remainder  Effective
Zr-93 D210% 21810" 468 ot sesiot 177 10”7 2.18 10 L7410M 84810 8.67 10°
w2107 558107 1.20 1ot 330107 449 10° 554 107 445100 154107 225 104
y210°0 282100 19010 872 10* 1.93 107 2.38 107 2928 1012 17310710 200 10¢
Zr95 p210° 1.8810° 1.91 10° 217107 1.30 10 1.03 107 1.44 107 228 10° 6.39 10”
w2107 840100 932 10 1.8610° 3.24 10° 2.1710% 78210% 213107 4.29 10”
vy210? 57310 123 10? 4.0710°% 1.35 107 233107 1.16 10° 2.71.107 63110”
2197 p210? 18310 109 10 2.0910° 499101 5091070 9.56 ot 115107 7.3710"
w210 170100 57910 395 10" 14310 1231000 375 ot 1.72 10? 1.06 10”*
y210° 18a10" 47010" 410 107 637100  asotott 231 ot 204107 1.1710?
Niobium .
Nb-88 w107 259107 B1010M 496 ot 846107 7.68 1?1756 10% 174 100 68110
y110? 153100 837 1o - s3twot 1.9 10 63710 7.68 10" 198 10" 127100
Nb-89 w1102 L5510 B8.64 101 60810 14710 L2710 64410 742 1ot 10310
122m vy110? 15310 6.88 10 655107 8.04 1092 S14100 442 w2 876 10" 1.11 107
Nb-89 wil0? 7831077 541 o 2751010 1.53 10 6341017 427 1012 27210" 452 (Al
66 m Y1100 76610 457 1012 29610 5.02 1082 336100 330 107 31210% 483 LA
Nb-90 w1107 323100 105107 165 107 163101 15010 549 ot 81810 566 100"
v110? 36810 100 o' 17110° 1281000 718 ot as4tott 9.60 10° 619 107
Nb-93m w1100 4161010 332101 486 10° 285100 7431070 3.04 ot 395107 868 10"
y110? 1551010 436 1" 645107 L1410 28410  LI4 ot 30410 790 {1ad
Nb-94 wi10? 476107 3.08 10° 418 10° 6.3710° 9.10 10 2.63 107 6.58 10° 9.76 107
v 110! 44210° 2.24 10° 7.48 107 2.26 10° 1.97 10 2.2210* 445 10" 112107
Nb-9§ wii0? 48410 377 100 549107 672107 242107 31410 986107 129 10*
v110? 432107 407 10 8.32107 44210% 5131070 358 1o 10710° 1.57 10°
Nb-95m wi10? 67210% 44910 263 10° 159101 352101 3.68 ot 7.69 100 6.01 107
Y1102 49610 453 ot 307107 58710 66110 3.86 101" 86910 659 10"
Nb-96 w110° 338107 10310 156 10° L6710 11810 589 100 8.4910.  5.67 10
y110® 383100 9s8210" 16! 10? 128 10 670107 . 481 ot 990100 619107
Nb-§7 w1102 121100 150101 144 100 20710 179 107 1341017 889 ot 2.08 10"
y110® 865100 L1210 156 10° L4101 826100 9.20 ot 10510t 22410
Nb-98 wi10? 216100 336100 213 o 388102 323100 297 o 12410 33010
Y110% 15410 276 woi? 230101 27010M 200 104 230101 14210 33110M
Molybdenum : .
Mo-90 psiot 871710t 123107 5.36 10 10610 118 10 579 107" 25210" 191107
vy 5100 191107 49010 9.36 10 64210M  3a4dn0tt 214 10" s.2410M 334 10"
Mo-93 ps 1o 9.2710M 748 oM L1510% 211107 859 10" 7.06 10°" 57010 27210
vsio? 245100 282107 629 10* 106 10 23510%° 117 ot 2101010 7.68 107
Mo-93m D810 44210 367 o 22810 432 ottt 36410 2.83 10 92510 788 oM
Y5102 636101 254 ot et 293 1M 1.65 10°t 1.23 10" 141 10 104107
Mo-99 psiot 132100 12910 117 107 371 10%  s4010™ 117 10° 94910 54210
vsi10? 95110t 27510M 429 10° 524 10" 41310 1.52 10" 1.74 107 1.07 10°
Mo-101 Dot 103100 122101 653 ot 12810 L0t 104 10 915107 11210M
Y5100 123100 514100 752 ot soo10t 389100 422 10 220107 9sTio®
Technetium
Tc-93 D810} 976101  8.68 lO‘"‘ 432101 86410 650 102 61010 24110 19210
w810" 442100 587100 49410 564100 4361017 223 1ot 1.42 10" 1.36 10"
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. Committed Dose Equivalent per Unit Intake {Sv/Bq)

Nuclide Class/f, Gonad Breast Lung R Marrow *+ B Surface Thyroid Remainder Effecuve
Te-93m D80! 342107 305100 27010" 3.0 1012 249100 30310"  10510"  9.0610™"
wgi10® 14610 201107 30310" 197 100 1s310% 10110 517100 e 10
Tc-94 psio’ 32210 3.06 10" 16310 31710 25610 293 10 90510 72710
wslol 19710" 22110 201107 - 222 ot 1ot L2100 ssel0t 568 oM
Tc-94m D8 10" 48510 50010 159100 5041077 42610 1.60107° '3.86 10" 38110
wg 10! 147107 T26710" L7810 260101 214107 463 o L1710 274100
Tc-95 D8 10" 34410" 308 10" L1410 32610 27010 24410 870 10" 65010
w8 10" 33610 283100 199 16" 294 10" 227 1O 1.41 1010 7.5410" 676 10°M
Te-95m D8 10" 144100 127107 28610" 142107 122 0% 60310 416107 285310
w10t 198107 38410% 50710 38610' 308100 71910 8511070 1.0S 10’
Tc-96 D8 10" 254107 236107 5611070 251100 212 100° 114107 6.40 107 429 10"
' wg10! 30210  30510" 200107 313107 . 24610 870107 700107 642 10
Tc-96m D810t 22210 207101 105 101 219101 186 10% 1.53 10" 646107 484 10°0
weiol 252100 258101, 23110 264101 208101 8.86 10 608100 62610
Te-97 D810t 985101 775101 43510M  9.2410M 878 o2 13210 62710 33010
ws 10! 104107 22210 1.97 10° 1.31 10" 1.21 10! L1710 690 10" 268101
Tc-97m D810’ 40410" 39210 31510 405 10" 401 10" 1.08 10* 475101 23510
2.01 10” ST wal!
wg10® 337107 394107 9.4610° 356 10" 34810 8581070  47610"° 132107
Tc-98 D810 3.6110%° 34110 102107 361 101° 32110 267107 1.61 10? 8.81 107"
w10 56010 135107 3.78 10 1.31 10° 1.06 10 3.36 10° 3.38 10° 6.18 10
Tc-99 D810t 452100 45210 3511070 45210 45210 121 10°? 578 10 277100
2.4710? ST wall

wg 10! 39910% 399 10" 1.67 10 399 10 399 107" 1.07 10° 6.26 100 2.2510°
Te-99m D810t 27710% 21500 228 10°M 3.36 10 262107 50110 1.02 10" 880100
w§10' 1.7010"%  1.5210" 30710 239102 1781017 20910"  63410"F 121108
Te-101 D810’ 250 10" 30310 28310M  31910M 280 o2 1721010 352100 484108
w10t 73110 152100 301110 160107  13610°Y 23110 6.6010" 394100
Te-104 D810’ 156101 1.8210" L2110 18110%  1.5810" 45010 1.80 10" 2.2210M
w10 459107 95910 1.3010°° 94110V 19310 1.34 10°" 38510 176 10"

Ruthenium
Ru-94 D510% 981 10"  6.66 10 151107  7.810" 5661077 549101 43410 358 1o
w5102 324101 358101 17910 364 10" 284 10" 3.04 102 1.75 107" 2.87 10"
Y5107 276101 29310 194 107 29510% 2061077 22410 20410"" 3.0 ot
Ru-97 D510 72110 34510 1.09 10° 470107 37710 28610"  9.6510"  7.29 107
w5107 9.0110" 256 10" 3.28 101° 36510 21710 1.27 10" 1.47 10 11510
Ysiot 97510 233 10" 3.40101° . 3.44 10" 1.8210°"  9.15 1012 1.6210'° 122 101
Ru-103 D510? 73110 60710  1.0210° 66610  618101° 59710 1.04 10° 8.24 10°*
W510? 394107 3181070  9.86 107 139100 27110 275101 1.20 10° 1.75 107
Y 510° 30710  3.1110%  1.56 10® 31910 23710 25710%° 125107 2.42 10?
Ru-105 D510 27010 1.72 10" 3.66 107° 1.88 10! 1.57 10" 1.50 107" 1.40 10" 9.84 10"
WS10? 157101 848107 542100  9.5010"  67910M 646 10 1.36 10" 113 10"
YSi10? 150 10" 661107 573107 7701077 46210M  41510M 1.61 10 12310
Ru-106 D510 1.3810° 1.37 10" 1.80 10 1.37 10" 1.37 10°¢ 1.37 10 1.69 10 1.52 10°
W 5107 4.0310° 4.03 10° 2.11 107 4.06 10 4.00 10? 4,01 107 1.39 10°* 3.18 10%
Ys10? 1.3010° 1.78 10 1.04 10°¢ 1.76 10° 1.61 10? 1.72 10° 1.20 10°* 1.29 107
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Committed Dose Equivalent per Unit Intake (Sv/ Bq)

Nuclide Class/f, Gonad Breast Lung R Marrow B Surface Thyroid Remainder Effective
Rhodium
Rh-99 D510° 449107 3161070 545 100 3981070 349100 299 109 579101 4.66 10"
w5102 36110 207107  3.20 10? 2.5410%° 18310 1551070 690107  7.83107
y5100 33910  19310% 393 10" 23210 15610 132101 T2 10°  8.36 107"
Rh-99m D 5107 1.6710% g.15101 587100 9.68 107°  6.94 107 5.99 107" 31310 234 10"
w5107 11110t 5671010 7.4410°" 6.50 107 42510 3710t 2350t 2.06 10°"
Yy 5107 12410 537100 187 10" 6.24 10" 36710° 3.03 10" 27310 2.2 107"
Rh-100 DS 107 268107 1181070 429 100 13610M° 1031070 9.3410" 366100 268 10"
wS10% 300107 966107 757100 116 10° 68010 529107 480 10 34410
v 5107 347100 92910 776 100 L1510 e04 10 41810 549 10 33510
Rh-101 psto? 282107 221107 247107 3.0 10° 276 10° 2.0210° 202 10° 275 10"
w5107 1.0210° 8.76 107°¢ 898107 1.20 i0° 1.0210° 7.26 10710 14710° 210 10°
Y 5107 64t10' 207107 1.20 10°* 251 10°  -20010° 1.3510° 161 10" 1.0" 10¢
Rh-10im Dsi0? 11410 621 10" 166 10% 808 10" 670107 s.43 101 1.55 1010 1.18 10"
WS10? 1331070 43710 5971070 584 1ot .66 10" 250 10" 231307 190107
vy 5107 14110%  39510M 6.47 10 53110 104 1071 1.87 10" 2520t 20210
Rh-102 D510? 1.4710° 1:20 10 1.26 10 1.35 10° 1.23 10" 1.24 10" 167 10° 1.43 107
w5107 507107 5.1510° 2.24 10 559 10° 179 10° 500 10° -s210° 7.9% 107
Y5107 4.09 107 1.40 10° 1.58 107 133 10" 1.07 10°8 3210 2e6 10 3.24 0%
Rh-102m D510° 255107 227107 261 107 230107 2.1210° e e 2.70 10
wS10° 967107 9511070 264 10" 1.00 10° g== 10 510 239107 .44 10°
Y5102 58210  1.3710° 9.53 10 1.3310° 1.06 107 1.20 10° 110 10° 1.29 10
Rh-103m D510° 89110M  88010"¢ TSI 884 1ot g3t gag oM pas et s et
Ws10? 25410 278107 8.81 10°°° 2.66 107 262101 243 100 19107 118 10°%
Y §10° 201 10"  SS110t 9310t 36l TG B T pagiett 4910 127 1ot
Rh-103 D107 349 10" 270 10! 3.67 10" 2.90 10°" 27! 257100 22000 1.28 1010
Wws10° 223100 90910 9261070 110t 828 ot 6700 dwe ot 23710
Y 5107 2.1t 1ot 561100 958100 T 346 1ot 288 101 4531070 288107
Rh-106m DS 10° 269 107" 1.65 10" 1.97 10° 1.80 107" 1.34 107" 1.28 10" 7.31 101 577 10"
WS04 116 10" 1.02 10" 232101 1.06 10" 77110 8.07 10" 3.69 10" 4.51 10"
ys10° 181" 929 10" 249 107° 961 100 63910% 665 10 - 422100 484 10"
Rh-107 D510? 475100 497 10" 3.89 10" sag 10t ae3iot? 425100 5351070 6.5310M
w510 133100 236100 42110 24010t 213107 198 1017 95210 54510
Y 5107 4.0510M 1.53 10" 44910 1.62 10" 125100 ni2ioeY 1.05 10" 876 108
Palladium
Pd-100 D510° 382101 248100 69210 376 100 43100 739 10" 2.2110° 9.40 107
w5100 7181010 248107 297 10° 324100 216100 12010 1.43 10° 1.05 10
v s510¢ 78610 23610 312107 3.05 100 1.71 100 1.19 10°'° 1.36 10° 1.06 10°
Pd-101 D510} 20310 95310 8T 10 1.39 107" 1.68 107" 481 10" .08 10" 4.35 10"
Wws10? 24510 8201047 158100 10610M 755 o' 39210 61310" 463100
v 5100 28010" 799101 168107 1.0 jo" ssgoi? 35210 6soiott 503 10"
Pd-103 Ds1o? 10410 792100 15210% 246100 438101 4.09 10?7 693101 234107
ws100 181 10" 814107 211107 97610 10910 77810 3.86 10 376 10"
Y5100 19210 869101 267107 704 10" 467107 14210 321 100 424 10"
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Committed Dose Equivaient per Unit Intake (Sv/Bq)

Nuclide Class/f, Gonad Breast Lung " R Marrow » B Surface Thyroid Remainder Effective
Pd-107 D510° 945101 94510 289 ot s1110% L3610t 9.45 o 21510 694 107"
6.40 100" Kidneys
w5100 243100 24310" 153107 L3110 3s010M  24310W  L17 10 21910
v 5100 105107 10510 285 10 568107 151101 10510t 971 10" 348100
Pd-109 D510° 926101 836107 662 100 2.1610" 46410V 8.09 1o as1iete 22310
w100 33310% 203100 115107 494107 97510 1691077 341 1 27210
ys510? 213107 S0P 1.20 107 98210  9.5810" 1551077 5.04 10 29610
Silver
Ag-102 D5102 1.0710% 147 1007 51210 145102 LIT10%? 120100 744 102 911108
w102 323100 9.7410" s4010" 933 10? 1.57100 sS40t 228 o2 184108
vyst10? L7110 874100 Se8 107 819 1o 4110 743100 230 10 7.8210M
Ag-103 Ds10? 333100 257100 70410" 283 1w 2211007 198107 1.87 10" 1.58 10°"
w5107 107100 144100 gs210" 149 16" - L1710%7 115107 648 107 129 10"
vsi10? 8e6310® 120100 93110 124107 89010Y  88810Y 694 101 13910
Ag-104 Ds10? 97510 706100  ses 10t 747 101 sa410f? S2510M7 255100 192 10"
w5102 319101 449101 624107 445 1o 3371007 377100 1.06 10°" 1.29 10"
Y5102 302100 41910 67010 409 12 204100 33610%  LisioM 1.36 10°Y
Ag-104m D510? 39310° 306100 798107 3.21 1042 2481017 238107 17910 1.69 1o
wsi0® 125100 17810 88010 1.77 10" L3910 1s010% 537100 13110
Y 510% 1.02107 154100 946 10 1.50 1012 1.09 10°12 L2110t 59310 139 10"
Ag-105 Ds10% 3531070 457107  9.8710"°  5.09 10° 38110 187107 3.0310° 1.26 10°
w5102 3.5510M° 313100 39910° 349 10°  24710%° 18310 118107 1.02 10”
Y5107 34010" 353100 623107 3821070 274101 23910 892107 121 10?
Ag-106 D510° 8s5010"  9.2510" 506107 9.37 o 193100 783100 179101 892 1082
w5107 237100 499100 548107 486 10 407107 44510 1.6710" 130108
vys10? 103100 38410 58610 3.63 o 28210 325100 1781012 71108
Ag-106m Ds10? 88510%° 791107 173107 81010 58710 33010 420107 193107
w5102 115107 5681010 394 10° 6.26 100 39910  33510™  20110° 1.55 10°
Y5107 1.2110° 51810 423107 5851010 358100 327100 17110° 1.49 107
Ag-108m DS 10? 1.8710° 3.05 107 5.99 10° 3.09 10° 2.33 10° 1.24 10°* 2.0110° 8.14 107
w5102 1.5210° 2.2310° 2713 10° 2.25 107 1.67 10° 1.4910° 829 10" 6.84 10°
Y5102 3.9 10° 224 10° 4.56 10”7 2.4 10 1.68 10 2.01 10°* 4.63 10 7.66 10°
Ag-110m DS 10? 3.26 10° 4.14 107 8.11 10° 4.03 107 3.05 10” 1.70 10 2.55 10 1.07 10°
w5107 2.3310° 2.93 107 3.15 10 2.88 107 2.13 107 2.01 107 1.02 10 8.34 107
Y 5107 2.4310° 7.10 10° 1.20 107 6.74 10° 5.19 107 6.39 10° 1.51 10 21710
Ag-111 Ds510? 7.60 10" 7.48 107V 1.08 10 76210" 73710 106107 2.46 107 9.12 107"
8.69 10”° Liver
w5102 259 10" 1.89 10M  7.8110° 2.03 10" 1.78 10" 1.63 10"  20710”° 157 10"
Y5107 169107 84710 870 10° 992107  74110M 619107 203107 1.66 107
Ag-112 Ds10? 179 10" 141107 79810 14610 1.30 10°"! 125 10" 24210% L7810
w5102 70610 56510 1.0010° 582107 4751077 46510"7 135 10° 1.64 10"
vs510? 527100 324100 .08 107 344 107 2261017 2141077 156 10 L1910
Ag-115 Ds510? 1.5010% 14010%  9.08 10" 146 100 127100 L1sioir 201100 L8 1o
w102 965107 68710 L1510 74710 573 o s2010 123100 18010t
v 5100 83610" 479100 12210 542100 358 " 31010 13210 1010
Cadmium
Cd-104 Ds10? 122100 7.0910%  s54310M 80710 563 1 sos10tr 28310M  2.0410M
WS10? 4731017 4471017 626100 4671077 336 10?7 344101 130100 140100
Y5107 48910M 41510  67310M 428107 288 107 298107 146107 15010
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Committed Dose Equivaient per Unit Intake (Sv/Bq)

Nuclide Class/f, Gonad Breast Lung R Marrow B Surface Thyroid Remainder Effective
Cd-107 D510° 336100 2251017 9.54 ot 268107 230107 - 185 102 49510M 27910
wSs10? 194107  9.52100 135 100 L1310% - 827100 499 10" 3s2iet 7610
vy s10° 1891077 612107 143 100 764100 43210 121 10" 38a0t 29410

Cd-109 Ds10° 27110°  29710° 333107 345 10 314100 266107 959100 300 et

395 10" Kidness

w5100 8.1110% 89010 " 146107 1.02 10° 9.26 101°  7.66107° 281 10 1.0- 10"

_ 1.14 107 Kidneys

v 5100 266107 454107 781 10 44510 394100 24010  8.80 10° 2210

Cd-113 D5 107 3.6310° 3.63 10°* 3.66 10° 3.6310°% 3.6310° 3.63 10° 14210° 451107
5.96 10* Kidnevs

w5107 1.0910% 1.09 10 2.63 10 109 10% . 1.09 10°* 1.09 10° 427107 1.38 107

1.79 10 Kidneys

Y 5107 573107 5.73 107 293107 573 10° 573 10° 573 10" 225107 1.06 10°

Cd-113m psi0¢ 332107 3.3210°" 3.38 10° 3.3210°¢ 3.32 10" 3.3210% 1.30 10°¢ 413107

5.46 10 Kidneys

w5107 9.9510° 9.95 10" 4.0210* 9.9510° 9.95 10° 9.95 107 3.89 107 127107

1.63 10°* Kidneys

ys10? 4.7210° 4.72 10° 4.09 107 47210° . 472107 41210 1.86 107 1.08 10”7

Cd-113 D510° 141107  1.0610" 119 10° 12310%  1.00107° 84010" 283 10 1.06 10°*
w5100 128100 465107 4.0510° 587 10" 17710 28510% 201 10° 1.14 30

v $10° 132107 34710 421 10° 4.65 10°" 2.54 107" 1.71 10" 1.97 10° 1.14 10°*

Cd-115m psl10? 157107 1.57 10° 3.39 107 1.58 10° 1.57 10% 1.55 107 6.06 10" 1.95 10

. 249 107 Kidneys

W S10° 3.8010%0 378100 466 10" 381101 374100 37310%  L7610° 1.1110°

vy 5100 106107 108107 778 10°* 108 107° 103107 105107 741 10° 1.16 10*
Cd-117 D 5107 23110M 1.49 10" 45710 168 10" 1.32 10 1.16 10" 1.88 10" 122107
w5100 108101 7.6310M 5851070  8.48 o e1210M 5481077 1051070 107 10"
v 5107 10410 596101 6271070  6.78 10 4241017 361107 1141070 L4 10°°
Cd-117m D 5107 4.50 to! 2.50 10°"! 37010 2.88 107" 2.06 107" 1.77 10" 1.80 10" 118 1070
. w5107 24510 1.54 10" 4.69 1010 1.71 10" 1.17 10" 1.07 107" 1.0210"  9.81 10"
Y 510° 261101 L3910t 50110 155107t 9.60 1% 8.5710% 11310 10510

indium '

In-109 D210 163107 85210 65210 448 w0t 24110" 607107 42210 321 1o
w2100 962100  s3010%? 85710V 1.51 10" 84210 34110  24110" 22930
In-110 pD210° 738100 3571010 148107 sa210M 307 ot 26010 L1310 83210
69.1 m w210° 51010 25710 1.80 10" 3.09 10°" 1.90 107! 183 10" 831107 67910
In-110 D210? 75010  s6110% L7107 101 ot 675101 456107 39510 3.66 o
49 h w2107 237107 30510% 195107 423 1012 2991077 259 101 134100 29210"
In-111 D210? 1.3210%  64210° 2171070 327 10° 17110 399 10" 3is107° 2.09 10"
w2107 157107 43710" 62510 1N 10 57510 19110 3.01100 227100
In-112 D210° 163100 203100  1s010M 247 101 1.97 10 175101 176107 2.44 102
w202 47710 11310" 159 10" 12210 9.8710™ Lol 10 328100 206 100
In-113m p210? 232100 15510 498107 3.63 10" 230100 1191017 L2610 1L.nah
w2102 823101 82210  s83iot 141107 938 o 612100 49910%7  9.04 100

In-114m D210? 29510° 2.8710% 5.56 107 8.33 10° 4.30 10 2.80 10° 3.60 10° 2.40 10°*
w2102 681107 65210t 719100 1.77 10° 9.1310° 6.20 10°  1.26 10" 1.51 10°

In-115 D210 117107 117107 L7107 367 10¢ 18910  LITi07 14910 10110%
w2102 3.16 10" 3.16 10 5.67 10 9.96 107 5.14 107 3.16 10°¢ 4.04 107 2.76 10”7
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Committed Dose Equivalent per Unit Intake (Sv/Bq)

Nuclide Class/f; Gonad Breast Lung R Marrow B Surface Thyroid Remainder Effective
In-115m D210 619104 37610% 13810 196 o Lot 302100 483t 389 o
w2107 329107 1801072 181107 591100 339 101 L9107 34410t 34010
In-116m D210% 666101 s52110M 833 1w 61810 46107 397 o 236 10" 20610
w2102 202100 3141007 927 1o 3481017 259100 261 102 gstiet? 18210
In-117 D210% 179100 152107 4388 ot 2381017 1671007 1.20 10?2 10210 995100
w2107 502100 849 10 s4210M 110 o2 g3 10? Tae10t 288 10 780101
In-117m D210? 68210 466101 218 100 164107 991101 394 107 se3lot 47810V
w2107 257100 206107 263107 533 o 33110 162100 254101 409 10"
In-119m D2107 495100 49710 75410M 822100 656 1P 49410V 861100 120100
w2102 147100  1s4100  sa110M 250 o 200100 13100 120101 102 o
g—::no D2107 44710 21510 4.69 10 43310% 39310 1.63 10" 189 10° 134107
w2100 29010M 139100 63910 204 o - L6 10M 915101 15410 136 o
Sn-111 D210% 1691072 L1710 34510 205 1012 423100 sas10M 734100 734 1012
w210? 15610" 823100 41710 LIS 108 12710 sSSP 390 107 688101
Sn-113 D2102 5831010 5281010  9.52 10 2.49 107 5.05 107 50710' 921 10  1.08 107
w2102 31610% 29910  1.8410% 77110 132107 22710% 138 10° 2.88 10”
Sn-117m D210¢ 1.0810%° 793107 58010  1.06 10? 1.09 10° 69210" 43910 696107
w210? 10710  si410" 612107 25510 206 107 29310° 101 10° 1.17 10
Sn-119m D210? 225107 2.17107° 467 10 176 107 43210? 21310% 396107  6.1110"
w2107 7.0410%  7.05 107" 1.15 10 46210  11010° 545 10" 62810 1.6910°
Sn-121 D2107 439107 439100 23310° 490 1o 551107 439 100 1.27 1010 9.05 10"
w2102 84710" 84710W 53810 947 1012 10610  84710M 228100 138 10"
Sn-12im D210 697100 6901070 897100  54610° 146107 686 100 87110 1.76 107
w210% 19610" 196107  2.04 10° 1.49 10° 398 10° 187107 92210  3a110°
Sn-123 D210? 75210  7.5210% 232107 5.73 107 1.58 107 74910  1.8810° 23310
w2102 18110 18210 e1110° 1.36 107 3.75 107 181107  37010° 879 10"
Sn-123m p210? sgsiot? 82010 7a210M 1.2 0% 124100 731107 L1410t 128 10"
w2107 249107 316107 794107 455 08 44410 268107 251100 1.05 10°"
Sn-125 D210% 26010 22810 257107 3.62 107 5.19 10° 21010"  1.8710° 1.56 10
w2107 1.5910% 93710%  22410° 7.26 10°  1.07 10° 76210 4.3810° 4.18 10"
Sn-126 D210? 14310° 1.41 10°% 1.61 10° 5.62 10 1.18 107 1.31 10°* 1.76 10° 2.36 10
w2102 4.9510° 5.39 10° 1.51 107 1.69 10°* 133 10° 4.90 107 1.20 10* 2.69 10°
. Sn-127 D210% 21r10" L3a10M 27810 39310 49510 108 10" 9.4910%  7.56 10V
w2107 126107 828107 4561070 137 10" 14010 64110 87010" 875 10"
Sn-128 D210° 11410 861107 273100 LI4 oM 106 10 702100 6sol0ft 58310V
w2107 34310 462100 314107 533 107 47010" 39410 210107 464 101

Antimony
Sb-115§ D110t 12910 127101 34710 137107 L1110 101101 7121007 104100
wW1i10% 353100 75910P 37910 7.60 10 619107 654 100 199 107 5.48 101
Sb-116 p1iot 932100 1710 33310 L16 10%2  9.4010 94110 556107 627 1012
w1102 27110 76110 3s3iot 732 109 59310" 663100 174100 807 1012
Sb-116m D110" 94610% 71710 681107 7.88 o 63l 1o ss110tt 25910 2.07 10"
w1102 2971077 45310 15110 460 102 36610 384107 1.06 107 1.44 107"
Sb-117 D110% 3001017  1.5710% 23710 263100 334 102 98410V 834101 678100
w1102 15110  1o010" 28810 1511077 14l 1012 54810% 485107 568101
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Table 2.1, Inhalation, Cont’d.

Committed Dose Equivalent per Unit Intake (Sv/Bq)

Nuclide Class/f, Gonad Breast Lung R Marrow B Surface Thyroid Remainder Effecuve
Sb-118m p1iot ser10Mt 29310 150 1% assioM 30010 216107 9.54 10" .09 10"
w1102 41410 21610" 189 0% 247100 17010 d4siot 776 10" 63510
Sb-119 pilot 99010  Si1210% 797 1o 168 101 84710V 435107 479 1ot 319 10"
Wiio? 12510M  27710% 211101 6.54 o2 peslot 82310 891 10" 569100
Sb-120 D10t 282100 352100 21210M 36610 313 et 20710M 2712107 3410V
15.89 m w110? 81610 202100 22610 2.00 " 16810 LI 10M? 554 100 296 10
Sb-120 D110" 56010"  32410'°  7.33107° 488 100 751100 263107 827 o' 61410
576d w110? 899107 33710 301107 430100 3251070 223107 131 10 1.10 107
" Sbe122 D107 161107 12010 157107 38610 354100 12107 107 10 6.28 10"
w1107 1.4410% 527100 565107 o510t g1210Mm 36310 218 10° 1.39 10"
Sb-124 D110' 915100 651107 203 10? 1.53 107 3.41 107 sés 10 2.1010° 1.50 10"
T w110t 1.0410° 894 10" 414107 1.09 10! 124100 674107 418107 6.80 10"
Sb-124m D110t 44210 43110%  p0810M 607 o 91810 36210M 210 10 221100
wi10? 26810 352100 18910 385 10" 38610 2931007 L16 10 28010
Sb-125 D110" 319107 25110 638107 649 e 273107 22810 7161010 575107
Cwi10? 36010 4a610%  23710% 53510 9.7810°%° 3241070 145 10° 330 107
Sb-126 D110t 9.1110% 589100 177107 1.09 10” 1.71 10° 50810 181107 1.27 107
w1107 1.3210° 644107  1.3810° 79710 67510 48010 319 10 3.1710?
Sb-126m D110t L1910% 13310t so4 10 146 10 132100 L1310 192 102 91710
w1100 491 10% 845107 557101 8.63 w? 71210M 76310 212 102 172100
Sb-127 D110" 23410M 16510  1.3610° 49410 545107 1.5010%°  1.09 10° 6.55 10°"°
w110 2521010 91210 694 10” L61 10° 13410  easiot 233 10° 1.63 10
Sb-128 p110' e3210"  no210M  2s310tt 101 102 s1110Y 874100 411107 475 10"
10.4 m w107 194107  72510" 264 1wt 701107 56510 6.82 1o 1.57 10" 3.9210M
Sb-128 p1lio! 11010 62210 1.27 10° L1110 94610 52010M" 551 10 37210
9.0l h w110t 94710 37210 1.91 10° s2510M 36110 24910% 631 10 4.56 10
Sb-129 D110t 379 10M 244 10" 637101 39710 421 10t 20710 2.26 10" 1:64 107
w110? 2.1510M 128100 89810 17010 146 100" 9.72107 1.87 10" 17410
Sb-130 D110t 627100  55310MF 131107 607 107 48810 4531017 296 ot 280 10"
w1107 17610 327107 144100 334 102 27010% 294107 897 107 215 10
Sb-131 D110 29310% 29010  11210% 327 1012 32310M  s810"  21110M 388 ot
W110? 11210 1.6410"7 1261070 LTI 1?2 149107 85841010 619 10?7 35310

Tellurium
Te-116 D2107 259107  L6110" 274107 19410 1.68 1o 12710 89310"  Ta8 10"
w2100 L1710%  9.5010%7 3361070 104 oM 82210 712107 490 1ot 61110
Te-121 D210" 27310 197100 3081070 487 10 1.0010° 1.82 10 3.0810%° 321107
w210 296107 198107  1.8810° 30410  42610%  1.5610% 438 10 51510
Te-12Im p210' 1.i810? 1.23 10" 1.41 10? 9.42 10° 694100 112107 1.38 107 4.31 10°
w210" 67010'  87010'°  1.5610° 4.18 107 2.81 10% 73010  1.50 107 3.99 107
Te-123 D210 721100  6s210M  16110M 586107 7.13 10° 503101 11510t 2.8510°
w2100 331100 328100 Ssa910t 257107 312107 22210 20310 131107
Te-123m D210 27710%  28010" 60510 579107 6.09 10° 24010 47510 286 10°
w210' 18810 20410 12710° 2.41 107 2.40 10° 1.46 10" 8.06 107  2.86 10"
Te-125m D210" 1.2410%° 10710 46610 3.0l 107 3.2110° 99310"  3.1410% 1.5210°
w210 79310M  70810" 104100 L1s10* L1810t 387 1ot e1510% 197107

i,
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Committed Dose Equivalent per Unit Intake (Sv/Bq)

Nuclide Class/f; Gonad Breast Lung R Marrow B Surface Thyroid Remainder Effective
Te-127 D:10" 663100 649100 277 1010 1431070 144107 6.46 o2 97410 67410
w2107 202100  1.88107 427 100 409107 40910°7 184 1012 L1 1e®  8.60 10°Y
Te-127Tm D210 249100 243101 891 o 1.3710° 524 10° 2391010 65010 364107
wa10! 110100 1.10107° 334 10 5.36 10° 20410% 966107 166 10° 581 10°
Te-129 D210t 175100  1.6810% 133100 197107 203 1o 163 1ot 24010 242 1w
w210t so0s10M 539100 1.5310"° 6191017 6.22 o 50910 128100 209 wh
Te-129m D210 412107 40010 216 10° .77 10° 201 10° 39510t 147107 2.53 10°
walo! 178100 169107 4.03 10 3.10 10° 1.0510° 1.56 1070 3.2710° 6.47 10"
Te-131 p2100 6.1410% 553100 254 100 664107 621101 263 10? 54210 1.29 10°°
w0t 2171007 26710% 299 101 294107 2611077 2.66 10? 2.21 10" 1.24 10
Te-131m D210 19310 115100 9.43 10 239107 63710 328 10* 5.63 10°1° 1.38 10°
, w2et 234100 9.25 10" 2.2310° L4110 22710°¢ 361107 9.46 10°'° 1.713 10°
Te-132 p210¢ 3.7710% 352101 6.50 10 49510 1.5310° 587 10° 5.6510M° 226 107
w20t 4151010 3631010 1.67 107 42710  7.1210™  62810% 789 10°°  2.5510”
Te-133 D210 670100 84810 439 ot 83910 749100 591 10 502100 249 107"
wa210" 359107 605100 464 oM 58310 521100 591 1 g0t 239 10M
Te-133m D210t 897100 78210 182 10" 832107 6941077 2.61 10? 41410 1.17 10°°
walo! 339107 4911077 206 100 489107 413107 263 10? 1.43 107" 1.10 10°"°
Te-134 D210t 90010 87210 6.02 oM 930101 8581017 554 10" 18810 344 10"
w2100 79010" 796 10"  6.60 10" 838 1072 778107 556107 1.09 10°"! 3.23 10"
Todine
1-120 pio 107107 128107 433 o' 12810 L1710t 155107 5.02 10" 1.20 1070
j-120m D10 9.0110% 12310 287100 122 joM 10710" 58410 45510t 715 10t
I-121 Di0 1961071 35310 469 0" 344107 3021017 754 10" 765100 321 10"
1-123 D10 289101  48710' 657 ot 5971077 518100 225 10° 789 1072 8.01 10"
I-124 D1.0 349107 LiS107 74510 863107 7.78 107! 1.69 107 L2210% 523107
1128 pio 18410t 92510 L1910 a4l 10 42710" 216 107 .33 10" 6.5310°
I-126 D10 3.48 10" 1.37107° 634 10"  9.8410%  9.02 10! 394107 1.21 10 1.20 10"
1-128 D10 68010 71510 7.2210M 107 o 703100 s3410M 7021007 128 1wt
1-129 D10 8.6910%  20910M 314 10 140107° 138107 156 10 1.1810% 469 10°
I-130 Dio 281107 487107 6.03 1010 45510 4.03 10" 199 10° 8.02 107" 714 10
I-131 D10 25310 788100 657107  6.26 oM 573100 292107 8.0310°"  8.8910°
1132 D10 99510%  14110" 27110 14010 1.24 10" 1.74 10° 3.78 10°!! 1.03 10
I-132m D10 648101 888 10" 177107 886101 795107 1.65 10? 2.01 10°"! 8.10 10°"
1-133 pio 19s5t0" 29410 820107 27210 252107 . 486 10°¢ 5.00 10" 1.58 10°
I-134 D10 42510%  6.1710" 14310 608107 5311077 288 1 22710 38510
1-135 DLO L7010M  23410" 441107 224 oM 20010 8.46 107 4.70 10" 3.32 109
Cesium
Cs-125 D10 14610 1.8910% 63610 1.95 10712 1.76 102 1711017 84610 11210
Cs-127 D10 TI210M  79210% 59810 9.54 12 84010t .08 101 1.38 10°"! 1.59 10"
Cs-129 D10 30410" 28310 1.08 10"  3.80 107" 340 10 260107 39310 429 10"
Cs-130 D10 78310"  10210% 48210 104 10" 941107 92810 584 10 80710
Cs-131 D10 37710M  33010"  72910" 621 10" 55810 300 10" 39510" 45010
Cs-132 D10 32010M 26910 420107 317 100 287101 273100 3541070 332 1o
Cs-134 D10 L3010 1.08 10° 1.18 10° 1.18 10° 1.10 10°* 1.11 10* 1.39 10°* 1.28 10°
Cs-134m DLO 36110M 33910  64010% 376 10 1SS0 33410 6901077 118 ot
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Committed Dose Equivalent per Unit Intake (Sv/Bq)

Nuclide Class/f, Gonad Breast Lung R Marrow B Surface Thyroid Remainder Effective
Cs-135 pio 12010° 1.20 107 1.4: 107 1.20 10" 1:20 107 1.20 107 1.20 10° 123 107
Cs-135m D10 19610 315 ot 22810M 315 o 266100 3.00 1077 813107 6.68 [ g
Cs-136 pio 188107 1.67 107 232107 1.86 107 1.70 10°? 1713107 2.19 107 1.98 107
Cs-137 D10 8.7610° 7.84 10° 8.82 107 8.30 10° 194 10° 7.9310° 9.1210” 8.63 10"

- Cs-138 D10 3281007 402 1 1591070 395 o 355100 357 102 206107 274 o

Barium

Ba-126 piigt 12010 898 1012 e9810®  LI? ot ssoiot? 759 1082 L1 1ete - 992 o™

" Ba-128 piiot 202101 105 e 229107 347107 34310 895 108! 1.41 10° $.20 10

Ba-131 p1iot 128101 584 o 262100 170 1% 705100 462 ot 21910 181 10"

Ba-131m pito! 176100 129 100 104107 270 1o 61910 9M o 9.s31oM 128  {

Ba-133 p1iot 1.0710° 1.10 10? 1.29-10° 6.5610°  9.5110” 999 10 14110 211107

Ba-133m pi1iot 230107 148 10" 52010 5.79 1o 10s10 133 o 29010M  1.68 ) [

Ba-135m p11ot 17710" L1210t 445100 382 1o 40610 993 1o 234100 136 [l

Ba-139 D110 256101 246 1012 25310 341 107 249101 240 1097 48210 464 1 (ld

Ba-140 D110¢ 43010% 287 10 1.66 107 1.29 107 241 107 25610 141107 1.01 10"

Ba-141 D110t 14110M 147 107 L1610 2.49 o' 473108 133 108 22710 218 "

Ba-142 D110t 21610 160 o 54810 193101 142100 127 T AT T 3 [ LN B 3 [y
Lanthanum

La-131 D110} 343101 287 1017 s4210" 460 10 10210 1.94 102 L78 107 1.4010°%

wi10? L7010 162 1012 68110 210 ot 27210 L4 1012 64310t L1 "

La-132 p110? si010t 270 ot 49710 397 1o 32510 191 0% 217107 148 10

wi10? 33310 L7t es210Mt 243 1o 1.51 10°" 111 10" 1.56 10° 139 10"

La-135 D1107 6391077 244 o2 25710 6.8l 108 1.65 107! Lin109t 214100 1328 "

w1i0? 872101 200107 475 ot aee 10 amiiott 437 o 237100 020"

La-137 pito? 345107 5.31 107 1.07 10° 2.31 10* 9.96 10 2.49 10? 49710° 23710°

2.05 107 Liver
w1107 906100 138 10° 4.69 10? 5.91 10° 2.53 10" 6.34 107 1.26 107 6.27 10"
£2010°  Liver

La-138 D110? 1.49107 1.56 107 2.53 107 241107 6.24 10”7 8.35 10°¢ 2.61 107 370 10”7

wii0? 38510t 404 0t 797100 61910% LS9 07 21810 194107 9.63 10*

La-140 D110° 362101 205 10' 166107 45610  40310° 122 1o 181107 9.33 10"

: w1107 45410 145 10 4.2110” 214107  1.4110"° 687 ot 212107 13110

La-141 p11o? 10110t 9.84 102 6461070 293 1wt 1.2010%  9.4010"?  2.28 100 18710
w110° 289107 268 1012 888100 7.06 100t 2.36 107! 245101 143107 152 10"
La-142 D110? 16610%  LI3 1o 3.0110%° 136 1ot Lit 1o 87410 8.07 1ot 6840
w110? 59110 628 1012 3501010 6.83 102 5391017 49 107 31410M 550 oM
La-143 p110? L0210% 86l 1o0?  g3210M 286 o2 332100 781 10 16410 158 w"
w1i10? 653100 320100 1.06 10 73010 129 1o 244107 105 1ot ne210M
Cerium .
Ce-134 w104 25510" 86610 827 10° 21110 180107 479 1ot 3410 213 10"
y310* 27410 702 ot 8.6710° 101 10" s.s910" 332 ot 357107 2.21 10”
Ce-135 w310® 211100 61810t 115 10? g7310M 166107 310 1wt 609 107" 396 1%
Y 310¢ 24410 590 1wt 11910° 794 10" 4n210" 262 1o 68310M 429 10"
Ce-137 w310+ 317107  9.78 o 4090 21110 302 100 252100 14l 1ot 104100
y310* 368101  9.00 o8 429 10" 1871017 103107 132 10 ne210M 113 1o
Ce-137m w3104 34210M 869101 132 107 299 101 363107 3.36 0% 6181010 3358  {
y310¢ 37410 666107 137 10? 1.61 10" 83010°7 120101  6.83 0 38210"
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Committed Dose Equivalent per Unit Intake (Sv/Bq)

Nuclide Class/f; Gonad Breast Lung R Marrow* B Surface Thyroid Remaiader Effective
Ce-139 w3lod 275100 333100 614107 9.29 10" 4.36 107 15310 284 10° 1.95 10”
y310* 156107 33110"  1.6710° 496 107° 64210 166107 90510 245107
Ce-141 w3104 sa4l0t 712100 11210f 41910  3.7910° 46110 23610° 225 10?
Y3104 S.5410" 44610 1.67 10° 896 10% 25410 25510 1.26 10° 2.4210”
Ce-143 w30 706100  22210M 354100 77710 18010" 121 101 136100 8661071
Y 310¢ 15310 1.66 10! 3.88 10° 2.96 107" 1.64 100 6.2310% 142107 9.16 107
Ce-144 W 310* 193107 1.97 10° 1.83 107 2.6710° 454 10* 1.88 10” 1.03 107 584 10*
Y3104 239100  34810%°  7.91107 2.88 10” 4712107 29210 19110 1.01 107
Praseodymium :
Pr-136 w3104 95610  s3910M 47310 544 10" 462107 46410 1471007 632101
Y3104 103100  Se6101  49910" 537100 423 1002 4.86 10" 162107 6.68 101
Pr-13° wWil0* 110102 98710" 747100 1.36 10°1° 1.54 102 64210 1110 LITI1OM
SY 310 13310 1.06 101 8.09 10°! 12510712~ 85910 68310 85010 1.29 1071t
Pr-138m w310* 7.9910%  7.0510" 160 1070 792107 58910 S34i0 27510M 325100
Y3104 972107 756102 183100 800107 533 10 56810t 3.2310%  3.6510M
Pr-139 w310 238107 13610 635107 296101 9271077 579 10? 1.4510M 134 10"
Y3104 27910  1.5110% 81810 21610M 1891017 674 10" 1.5010" 156 1M
Pr-142 W 310% 529100 175101 2385107 316 10" 34810 67140 122107 7.14 107
Y310* 613107  17810% 297107 378 1012 295107 6.38 10" 1.40 10° 7.79 107"
Pr-142m w3104 68110 22310 363100 40610 451100 851 o 1.57 ¢ 9.4 109
Y3104 79010 22710% 378107 485107 38110 8.08 10 18030 998 101
Pr-143 W310* 425100 24510 L1010° 273101 27410M  1sg1ov 225100 2.04 10°
Y3104 43710 22210M 1.33 10 1.48 10°1 1.49 10°"! 1.68 10 1.97 10° 2.19 10”°
Pr-144 W310% 22010 99110 88510°  80810™ 135100 801 10" 119 107 110 10"
Y3104 24110 10510  9.4010" LIBI0M 14710 84710°% ;401077 L173O°M
Pr-145 w310* 293100 1.27 10712 8.69 10°° 5.42 1012 6.02 10712 7.71 10°M 1.99 100 1.65 10°1¢
Y3104 353100 13410 9241010  44910" 414100 796 10 23610 18210
Pr-147 w310* 10910 27210 56810 5.40 10°"* 1.4310°7 208 10" 24010% 772100
Y310* L1710% 281107 61510 32410 31610 21710Y 238wt s2210M
Neodvmium
Nd-136 W 310% 143100 25410 1.9310°  32010%  3.3310% 1.92 104 L6 iett 282 100
Y3104 L7210 275107 211107 2851007 2121077 206107 130!t 302 [l
Nd-138 w310¢ 16210 7.15 1012 1.33 107 2.10 10°M 2.00 10°" 409 107 2750 251107
Y3104 19710  7.58 1012 1.42 10° 9.86 1072 607101 4130fr a3z 27810"
Nd-139 W 3104 363107 41010  34410" 735100 201107 269100 50 G 519100
Y310* 422100 44410 38510 530107 47710 B8 10 ek 07 T 573100
Nd-139m w3104 37310 1.60 107" 3.3110%° 24910 40910 9.3310" Lis 1000 9,01 10°"
| Y 310* 44810" 1.70 10" 36710 216 10" 1.39 10" 0,58 10712 1210t 1.01 107"
Nd-141 W 310* 44810  34110" 1.38 10°" 5.64 10012 7.59 101 1.37 10" 1oy 1t 2.8) 10
Y 310* 551100 367100 1.49 107" 520101 361 107 143 10" 23000 2t
Nd-147 W 310* 1794 10" 3.76 10" 8.42 10° 498 100" 233107 1.94 107" 16 10 1.7210°
Y3104 84110% 34510 1.06 10 9.19 107! 326 10 18210 i.7e 1? 1.85 10°*
Nd-149 W310¢ 1.0410" 961107  31010M° 47510727 57510 5961077 . ssiaot £.5% 10!
Y 310* 127100 L0310 33210 1.47 1012 L1210'7 62410 abo .Y 6.0% 1071
Nd-151 W310% 492107 34110  48510" 686107 9.66 107 24210 Syt 7.90 107
Y310% 570100 353100 509107 443107 329 107 24k 10" essoet 43 0
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Committed Dose Equivalent per Unit Intake (Sv/Bq)

Nuclide Class/f; Gonad Breart Lung R Marrow B Surface Thyroid Remainder Effecuve
Promethium
Pm-141 w310% 141100 3641007 608 ot ase 10 4710 280 10 Led 10 196 10
v 310¢ 166100 388107  6.50 oM 40310 309100 296 ot 19710 8.86 101
Pm-143 W310% $9210 81910 44 10% 2.01 10° 5.3710° 435107 319107 2.21 10"
v 310* 32610%°  9.63 101 161 10 1.1210° 1.25 10° 77410 196107 2.94 10°
Pm-144 w3iet 347100 s0910° . 201 10" 9.91 10° 1.44 10° 2.95 107 1.90 10° 11410
Y 310* 1RO 107 5.74 107 1.09 10 6.17 10° 5.58 107 498 10° 12110 1.45 10°
Pm-i45 W 310 3.6010M 69410 464 10° 1.02 10 7.58 10° 1.87 10  8.6710° 6.85 10°
Y3104 167100  84310% 46l 10¢ 4.5410% 2.77 104 17210 383107 8.23 10
Pm-146 w3i0® 538107 8.42 107 3.30 10° 3.84 10° 5.29 10* 4.39 10° 4.8710% 2.76 107
Y 310* 247107 8.04 107 2.33 107 1.60 10* ~ 1.8810° 6.33 10° 238 107 3.96 10*
Pm-147 - W 310° 1.8810" 315107 9.69 10° 8.16 10 1.02 107 13210"  5.8910° 6.9710°
v 310¢ 825107 360107 174 10 1.61 10° 2.0i 10°* 198 10** 156 10° 1.06 10*
Pm-148 W 310% 19610 78510 i.26 10 11107 agole'® 42710 388 10° 2.81 10"
Yy 3104 21210 719107 1.37 10 10710  7.08 10" 38210 4.1010°¢ 2.95 10°
Pm-148m w3104 1.3810° 1.28 10° 22510 2.88 107 9.05 10° g.79 10  s5.27110° 5.46 10
Y3i10¢ i1910”? 1.24 10° 3.59 10" 1.36 10° - 136107 1.05 10° 3.58 10° 6.10 10°
Pm-149 w3104 3161077 B&a 10 299 10° 794 107" 8.04 10" 3.69 10" 1.24 10° 7.44 10"
v 3i10* 3611017 8201007 312 10° 5531012 501307 33t10Y 139 10°° 7.9310°1°
Pm-150 w10® 6821077 515107 536 107 87610°% 761107 3.38 10" 67810 88510
v 3104 826100 ss210t 378 100 641107 40010% 354100 822 10" 9.7910"
Pm-151 w3104 6.161C" 1.59 107" 1.58 10° s79 101 973 10N 669100 736 10 438107
Y3104 7471000 1.59 10" 1.64 10 272100 1.86 107" 6.18 101 839100 47310
Samarium .
Sm-141 w310® 126107 483107 63110 5.3710"  5.09 10 3.65 109 174 10 829101
Sm-i4im w3 10¢ 440 10" 1.29 10°%° 1.14 10710 1.52 1012 1.47 10 103107 5.0410% 1.58 10!
Sm-142 w3i0® 1.0510M  15s10M 4191000 30310 3n 0 L1s10t 232100 58210
Sm-145 W304 184107 2901070 658107 3.46 10° 2.58 10 7.46 10°" 304 10° 298107
Sm-146 w310 0.00 107 0.00 10 8.40 10°® 3.03 10° 3.79 10 0.00 10° 2.08 10°* 2.2310%
Sm-147 w3104 00010° 0.00 10° 7.62 10 2.75 10 3.44 107 0.00 10°° 1.89 10°* 2.02 10°
Sm-151 W 3104 40310 1.49 10" 3.26 107 1.10 10 1.38 10”7 13210 151107 8.10 10°
Sm-153 w304 23610" 567107 2.0510° 6.66 10°" L5710° 151 1077 884 107" 531 10"
Sm-153 w2104 13510 s72107  s3210M 285 10" 1.65 1072 370 107" 1.03 10" 679 100
Sm-156 w30 221 10" 1.15 10" 8.74 100 41010 LIS 1010 6331077 226107 189 10
Europium
Eu-145 w100 54210 218107 1.96 107 358 10 673107 L1910 903107 74110
Eu-146 wiie' £7510% 315101 2.6210° 541107 33110% 176107 135107 1.05 10°
Eu-147 w110? 30510% 21310 390107 456 107°  1.6210° 128 10"  9.0710"°  9.5510"
Eu-148 w 110?161 107 1.61 :1C° 1.20 10° 2.4310° 2.76 10° 1.0710° 4.60 10" 3.87 10”
Eu-149 w110° 77810 85610 202107 3.86 1C1°  1.70 10° 323 10" 458107 8.1010°%
Eu-150 w1107 36310 108 10" 7.79 1070 1.22 10" 1.23 107 46710M 285107 182107
1262 b
Eu-150 wii10? 1.9510% 3.06 10 6.55 10" 7.95 10’ 1.20 107 1.63 10 1.38 10”7 7.25 10°
342y
Eu-152 wi10? 13110% 1.74 10% 5.76 10°% 7.91 10° 2.40 107 8.25 107 9.99 10°* 59710
Eu-152m w100 13310 469100 99410M°  L7710% 194 " 2601007 3171000 221107
Eu-154 wi10? 1.1710" 1.55 107 7.92 10" 1.06 1077 5.23 107 7.14 10° 113107 7.7310°
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_— Committed Dose Equivalent per Unit Intake (Sv/Bq)

Nugclide Class/f; Gonad Breast Lung R Marrow B Surface Thyroid Remainder  Effective
Eu-155 W110? 35610 614107 L19 10? 1.43 10% 152107 240 10"  LI110°% 1.12 104
Eu-156 W110? 612101 36410 184 10* 1.14 107 2.76 10° 21610 391107 s 10”
Eu-157 w110? 284100 769101 119 10 306 10" 39010%  3.04 102 482101 3.0110%
Eu-158 Ww110° 447100 957101 189107 135 107 1591077 84010 7.54 101 25410
Gadolinium )
Gd-145 D310 1.8810%7 187101 588 ot et sgs 10t 1.00 w2t 122t

wW310¢ 169107 152100 674 101! 197 10" 28010" 105 1017 44010% 1041070
Gd-146 p3io* 26510° 3.51 107 5.48 10” 1.42 107 6.73 10°* 1.76 107 1.5710° 1.03 10%
w310* 1.1910° 1.65 10° 2.50 10° 3.84 10° 1.38 10° 1.13 10° 5.22 107 6.0210*
Gd-147 D310* 190107 96110% 384 10 299101 1.0710° a42 10 501107 32810
w3104 304100 92010 106 10 155 10" 24310 459107 543 10 40710
Gd-148 D 310 - 0.00 10° 0.00 10° 1.98 107 1.41 10 1.76 107 0.00 10° 6.45 10° 8.91 10°
w3104 0.0010° 0.00 10° 1.08 10° 3.56 10° 445 10° 0.00 10° 1.63 10°* 2.38 10°
Gd-149 D310* 1.5610°° 135101 426 10 858101 434107 678 10" 89610 614 10"
W30 224100 101100 244 10 26610 833107 528 o 65210 61810
Gd-151 D310¢ 141100 21210 - 496 10 397107 35710° 9.54 10"  2.4010° 2.40 10?
' w30+ 86810t 98110t 484107 94910  7.7910” 37710M  19910%° 121107
Gd-152 p310* 000107 0.00 10° 1.33 107 1.04 107 130 10° 0.00 10° 4.71710°* 6.58 10
w 310* 0.0010° 0.00 10° 7.28 10°¢ 2.63 10 329 10 0.00 10° 1.20 10° 1.75 10°
Gd-153 D310¢ 43510 68810 140 10” 1.09 10° 9.23 10° 284 10°  6.56 10° 6.43 10”7
w3104 19310 25910 775 107 2.71 10? 2.15 10 1.04 107 1.9010° 2.56 107
Gd-159 D310% 477107 160107 531107 102 10 20110 67010 3.26 0% 1810
w310¢ 717102 1801077 105 10° 223 10" 400 10" 6.46 10 4401070 2.64 10
Terbium
Tb-147 w310¢ 167100 7441077 294 10 11710 15710M 461107 4s710" 563 o
Tb-149 W 310* 24510 1.24 10°" 1.53 107 153100  1.89 107 713100 1.8910% 198 10?
Tb-150 W3Ii0¢ 126107 7841017 463 10 210t 985107 5.07 W 14900" 84310
Tb-151 w3104 104107 28910 479107 565 1ot 12910 128101 236 10 1.6910%
Tb-153 w310* 82610 23010%  6.34 10 8.5710M  4.0310%° 854 107 27210%° 2.0410%
Tob-154 W3l04 267100 772100 72110 L2 10 10910 33610 458 10 320 10%
Tb-155 w310t 173 ot 24010M 76710 83410 290 1010 84510M7 255100 210 10
Tb-156 w3104 672100 25110 330 10? 428100 84810 13810 1.3 10 1.08 10”
;’b-“l?m w3104 104107 43210" 693100  8.10 1wt 196101 248100 248 100 2.0610%
4.
';'%—:‘56m W310° 26210" 966107 218 10 L7710 46s 10t 529 102 69110 58610
Tb-157 W310¢ 414100 66010 118107 4.18 10” 4.4210° 2.67 10" 1.66 107 2.49 107
Tb-158 w310* 1.3810° 1.78 10° 49110° 1.18 107 6.23 107 1.1410? .01 10 6.9110°
Tb-160 W310¢ 93610 9.6310%  3.0210° 4.43 107 2.4710* 6.54 107 484107 615 10°
Tb-161 W310¢ 25810" 838100 419107 19010 20710 19310 1.08 10”7 9.20 107
Dy-155 W3l0¢ 371100 1910t L7910 235 o as210" 532101 770 1" 60010
Dy-157 wW310% 16410M  s2310M 59310 9.04 o2 91010% 22410 273100 216 ot
Dy-159 w3l 160100 7199 10" 237107 8.21 10 5.09 107 31210" 29410 656 1®
Dy-165 WIl0* 124107 94110 2421070 189 10017 2471017 s4510M 227 10" 36210
Dy-166 w3104 286100 8091072 910107 43710 144 10? 26810 275107 2.02 10°
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Committed Dose Equivalent per Unit Intake (Sv/Bq)

Nuclide Class/f) Gonad Breast Lung R Marrow B Suyrface Thyroid Remainder Effecuve
Holmium
Ho-155 W 310% 334107 140 101 65610 240 102 36110 7.08 100 926107 121 1ot
Ho-157 W 310* 45410 275 or 1ss 0t 4.02 o 378100 152 07 s4tiot? 14l 10
Ho-159 w310* 9.8210" 298 102 10810 525 10" 108 10% 173100 9.64 o 17610
Ho-161 w310* 46910 333 10 24510 8.01 o0 202101 745 e 1310t 420 10
Ho-162 w310¢ 9.0310% 576 jo'e 469 1072 8.02 1ot 11610 35610 160 10" 636 107"
Ho-162m w310% 67710 102 102 a9 10" 136 1012 2401077 692 1o 39810 680 10"
Ho-164 w304 613100 27210M 183 100t 78810 1.6l o 7.8810% 438 10 23510
Ho-164m w3104 3.9010M.  9.2410% 379 ot 276100 9.23 100 246107 1.68 107 sS40
Ho-166 w310 50210 138 1ot 3.2510° 631 10" 9.3510" 466 1o 149107 8.48 107"
Ho-166m w110 3.0510° 484 10" 1.08 107 161107~ 887107 2.14 10" 4.50 107 2.09 107
Ho-167 W 310% 28910 L7210 1681070 3.21 107 910107 9.54 o asaot 294 10"
Erbium . .
Er-161 W 310% 898101 545 o 10210 80010t LI2 1o 370100 259 1o 245107
Er-165 w3io* 37510 1.08 o2 27010 381 102 se6210M 294 10 10510 8.08 1o
Er-169 w3lo¢ 281100 281100 272 10? 1.45 10"  1.76 107 281 1077 553100 5.64 101°
Er-1T1 w310% 16910 670 o2 70010 21610 522 oM 196 10 19510%° 152 10"
Er-172 w3104 201107 656107 4.60 10” 287100 81010 376 10" 145107 111 10"
Thulium
Tm-162 w310¢ 362100 86510 4ll ot 912100 7.88 e 72810 2.08 107 593101
Tm-166 w310¢ 61910t 24510 310 100 347101 4.48 0" 1.39 10" 131 10" 102107
Tm-167 w0+ 93910 38810 3.64 10° 28010 2,09 10° 196 107" 7.80 10" 797 10"
Tm-170 W 310% 1451000 145107 390 10t 9.312 10" 1.39 10" 14210M 278 10° 711 10°
Tm-171 w3i0¢ ssiiot  s8siot 399 10? 1.81 10" 4.63 10° 57510 3881070 247 10
Tm-172 w3104 1241000 4450t 523 10°? 2581010 506100 253 o 204107 1.32 10°
Tm-173 w310* 1.83 10" 695107 5.8010 1.85 10" 168 10" 42510 1.74 10 1.30 10"
Tm-175 w3104 20310M 42810 439100 653 jol? 28910% 39410 233 10 626 101
Ytterbium .
Yb-162 wi0® 25210M 69010 376 ot B0 8980t LSS oY 223100 549 101
y310¢ 295100 748100 4l jot 80410 623100 555 1ot 263107 6.04 101
Yb-166 w3104 509107 14010 200 10° 264 10 52410  6.39 ot 1.05 10° 7.52 10"
Y 310* 576107  1.40 10 207107 21210" 128101 604 1ot 1.20 107 8.04 107"
Yb-167 wil0® 133100 Lssiet 132 ot s0610 2481077 801 104 124100 215 10"
- Y 310¢ 146 10" 1.65 10 14410 3.08 o 33910 840 141 1012 226 10
Yb-169 W3lo4 24210 1631070 933 10? 1.01 10? 7.35 10° g2s5 10" 113107 1.89 10°
y310* 23710 1851070 139 10? 382100 629107 857107 L8 10° 218 10°
Yb-175 w310% 159107 474107 182 10 705 10" 7.8210% 238 102 57910 429107
Y3104 18I0t 4710t 194 10° 108 10" 46810t 212 0 6571070 438107
Yb-177 w304 69410M 536107 230 o 312107 19910t 376 1% 24410 361 o
v 310¢ 824100 576100 250 10 85710 153 1012 39410 29410 393 10
Yb-178 w3104 22510 2met 280 10 165100 558101 179 1ot 18710 39710
v310¢ 2741007 296100 306 10 39910 Sas10t 189 o 23510 43910
Lutetium
Lu-169 W 310% 19910 6.0910" 1.0 10" 145101 534100 287 oM 39010%°  33010™
y310¢ 22810 63010 1.23 107 9.86 10"  1.7010% 269 10" 44810 364 10
Lu-170 w3104 517100 152107 153107 240 o 30710 70010" 887 101 64210
y310* s9010%° 153107 158 10? 204 10° 115107 667 ot 1.02 10° 6.96 107"
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Committed Dose Equivalent per Unit Intake (Sv/Bq)

Nuclide Class/f; Gonad Breast Lung R Marrow , B Surface Thyroid Remainder Effective
Lu-171 w3104 3181010 13210 299 10? 33010 141107 g30 10" 81210 73610
Y3104 34110 12810  3.35 10 188 10" L7610 78510 9.02 10°  g0710%
Lu-172 w3Il0¢ 73110 29210 430107 55310 156107 1.84 100 1.4610° 130 10°
Y3104 793100 28110 470 1 {id 36710 278 10"  17610%° 162 10° 1.35 10
Lu-173 W310% 349107  42410M  7.4210° 594 10? 47010° 2921070 8981070 3.4410°.
‘ v310¢ 182100 71910%  42010° 197107 7.41 107 3.56 107°  1.4410° 6.09 10°
Lu-174 W310¢ 58210 71010  8.7310° 1.2310° 114 107 498 10"  1.4810° 6.64 10°
Y310* 27510% 104 10” 713 10° 4.03 10° 2.6210° 65110  1.9810° 1.07 10*
Lu-174m W310¢ 145107 16510 15310t 5.18 10? 5.4710° 9.92 10" 1.1110? 44910
v 310% gse610" 25410  s.a1110° 1.02-10° 6.52 10" 1.26 107 116 10° 6.86 107
Lu-176 w310* 7.1510° 9.74 10 6.24 10°¢ 273 107 2.88 10 8.47 107 1.97 10% 1.36 10°
‘ Y 310¢ 3.8610° 110 10* 9.99 10”7 121107 1.1910% 8.24 10° 210 10 1.7910°
Lu-176m w3104 1981007 981107  39410% 417 1072 84810 36510 563107 651 10"
Y3104 243107  10710"  42310"° 46l oM 59910 3T10M 70610 721 oM
Lu-177 w3104 L7510 59410 302107 154107 1.7910? 2851077 74410 66310
Y3104 19310" 579100 333100 18210M 103100 247 107 8.4210%°  6.63 107
Lu-177m w3104 1.2910° 1.43 10? 4.49 10°¢ 1.35 10 1.16 107 1.08 107 4.1210” 1.23 10*
Y3104 88910  20310° 1.41 107 3.46 10° 1.07 10* 1.37 10° 5.15 107 198 10°
Lu-178 w3104 22310 15610 9a910™ 245 1o 408100 55810 19310%  L17 ot
vy310% 25510" 80810™ 98810 921 10 820107 59210 242100 12610 '
Lu-178m w3104 19108 s3010M 619107 7.06 10 88710M 37510 190107 82310
Y3104 136107 565107 66210 656100 522 0 396 10M 223101 884108
Lu-17% w3104 522100 22510 469100 576 1012 6301072 108 10" 83010 82210M
v310*¢ 637100 243100 5021070 6.46 10’ 53110 1.08 10" 1.0310'° 913 10"
Hafnium
Hi-170 D210° 17010™ 883107 34110%° 2271010 736 100 estiot 215100 231107
w100 228107 679107 841107  1L1410"° 170 1% 351100 44910°° 32310
Hi172 p210? 19110°% 22210 2.07 10 1.93 107 1.45 10 1.44 10° 2.76 10° 8.60 10°
w210° 528107 6.75 10° 5.36 10" 488 10 358107 465107 9.12 10? 2.82 10"
Hf-173 D210° 6.0510" 27410 168107  1.2410M 679107 19710 L1810 L1 10"
w2100 755100 20610" 34610 56110 1.61 10" 9.36 102 .78 10 12910
Hf-175 D210° S55110%  Ss310M 723100 441107 1.4210° 506107 77110 151107
w2100 34210 30510  6.4810° 1.16 10° 3.09 10° 22110% 78710 138107
Hf-177m D2i10? 710100 535101 L17107 764100 97110 3761017 291 ot 26710
w2107 202100  31510™ 1301070 4041077 428 1o 227100 95210 20110
H(-178m p210? 1.63107 1.86 107 1.70 107 1.61 10 1.04 10°° 1.75 107 217 107 6.65 10”7
w210° 42910° 4.90 10 1.12 107 4.10 10”7 2.63 10°¢ 4.57 10° 5.89 10° 1.79 107
Hf-179m D210° 74810 63310 129107 5.32 10° 4.0310° 57710  1.2210° 2.67 107
w210? 61410 39410  1.3010° 1.34 10° 7.51 10® 275107 1.89 10° 2.73 10”
Hf-180m D210% 34710 1.57 10" L1510 30610t 17210 Lo 821ttt 63010
w2107 25010 o710 232100 16810 23910 6.20 10 68310"  S9110M
Hi-181 D210? 68510 61610 126107 8.21 10° 7.99 10 5.85 1070 1.19 10° 4.1710?
w2107 42910 34110 1.7310° 1.85 107 1.55 10 272101 1.8410° 3.48 107
Hf-182 D210% 135107 1.66 107 1.50 107 2.00 10 17210 1.19 107 2.06 10”7 8.98 107
w210? 34710° 4.29 10° 6.84 10 5.09 107 437 10¢ 3.07 10°* 5.3510° 232107




143

i,

Tabie 2.1. Inhalation. Cont'd.

Committed Dose Equivaient per Unit Intake (Sv/Bq)
Nuclide Class/f, Gonad Breast Lung R Marrow B Surface Thyroid Remainder Effective

H{-182m p210? 424100 332 1017 632100 9.36 o2 s4210M 25110t 162 10t 16810
w2107 1371070 185 102 77010M 333 1012 13010M p4s ot 583 ot 12410
HI-183 D210} 521107 406 o' 12010 LT2 oM 1301070 351100 3.06 1ot ot
w2100 24710 199 10 177107 461 1ot 228 10" 160102 22410 302 10!

HI-184 p210? 56010 291 1o 62910 9.30 ot 227100 237100 280 1o 19710

w2107 52210 174 ot 9.s210M  3sel0tt 584 1M L0310 31510 . 231 10"
Tantalum .

Ta-172 wiio? 873107 158 10t 9.0210M 1.85 1012 2481077 134 10 459107 130 woh

v110? 575101 160 Wt 10810 170 107 1.4510% 130 o' 54410 183 o

Ta-173 w1107 20010 177 o 37210 14310 181 10" 46510 B33 1ot 782107

yi10? 21610t 671 10 40710" LIS 109" 6761077  3.08 1012 98310%  B.64 10"

Ta-174 wi10? L1710 144 10" 1.16 10°1° 1.86 10 1.95 10 L1310 756107 1.70 10°"

' y110? 8630”110 wo? 12510 132101 T9.67 o 152100 8.9 10 18210"

Ta-175 w110 s4110t 202 ot 27810M 32010t 331 10t 1.09 101 L1710 90210

Y1107 60410 198 10 3.2910M 288 1ot 1.65 10" 891 10 136 100 103107

Ta-176 wi10? 724100 29710 344 oo 37910t 32310M 1.69 107! 1.5210° 116107

v 110® 8130t 283 1o . 359107 3so10t - 196 1o 1.34 10 17710 12610

Ta-177 w110 287100 799 joir 264101 253101 5.09 ot 33510 L1307 78810

y110? 31310t 692 1ot 274101 2,00 10" 1.17 10" LEr 101 1.28107° 829 10"

Ta-178 w110} 509104 40010t 1.09 10 569100 570101 2.60 10" Lel 107 20710

v110? s2210% 36l 1012 118 1010 494 107 330 107t 20110 18710 22410

Ta-179 wi10? 66110t 67710 1.89 107 220 101 23810 4.30 1ot 2031010 3.49 10"

v 1107 assiot 229 100 12610% 474107 391 o' gs7i0M 4381070 176 10°

! Ta-180 wii0? 103107 1.04 10° 2.62 10" 2.10 10 2.68 107 813100 3.0610° 483 10"

y110? 1.4510° 8.59 10° 4.80 107 1.08 10" 8.9710° 5.80 107 1.75 10 6.62 10*

! Ta-180m w110° 3341007 129100 102 oo 37a10M 677100 636100 304 10" 23110

vy 1107 3551007 987100 108 00 275100 166101 244 o 36010 2sTi0

; Ta-182 w110? t2s510° 1.25 10° 3.21 10 1.98 107 2.3510° 1.05 10° 3.96 10° 588 10

v 1107 89910 179 10° 8.28 10° 1.92 107 1.51 10° 1.53 10" 4.3710° 1.21 10*

Ta-182m w110} 17610 2.48 103 21210 4.55 10" 1.55 10" 191 10" 691 10" 2.94 100
Y 110° 1.0410" 268 1w a7 ot 3.34 100 34010 203 10 79110 361 101

‘ Ta-183 wi110? 162107 64410 592 10° 221 10 129107 4.09 10" 1.80 10° 1.37 10°

Y1107 154 10 429 10" 6.36 10° 8.75 107" 1.16 10°71° 1.77 10" 1.96 10° 1.41 107
i Ta-184 w1i10® 756100 291107 113107 448 ot 4210 18510" 384 10 28110
' v 110? 83710 2.54 107" 1.19 10° 3.39 10" 1.91 107" 1.30 10°" 454 1070 3.09107°
} Ta-185 w 110" 540101 644 10" 1.5310%  nL1510% 373 1012 s.ss10t 6.00 10t 207 10"
! y110® 1510 259100 L7 o 39410 4miot L6l oY 68910t 22710
Ta-186 W110° 147100 423100 487 1ot 44110 368 1ot 37310 109107 635100
Y110 59410 353 10t 5.09 10" 358 10 28210% 299 1093 L1310t 657100

Tungsten

W-176 D310" 156 joh sa010'r 932100 8.48 1o 13210 241101 382 1ot 288107
W-177 D310" 635107  3.0910% 685 10" 4961077 8771077 164 ot 21610 176107

w-178 p3io' 20810 727 1012 156 100 357100 48010 275 104 14110 732100
W-179 D310 9.4410M 834 1o 49910" 19010 527 1o 1.90 10 9.09 107 9.47 10-%
' w-181 p3i16t Lot 593 017 s2510M s0400t 7.08 ot 271100 15610t 409 10"

W-185 p3iot 12410 615 10 3.80 10°1° £.39 10°" 25510 285101 46510 203107
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Table 2.1, Inhalation. Cont'd.

e,

Committed Dose Equivalent per Unit Intake (Sv/Bq)

Nuclide Class/f; Gonad Breast Lung R Marrow 9 Surface Thyroid Remainder Effective
w187 p3iot 29910M 879 1012 60510 23210 9.85 ot 437100 2661070 167 10"
W-188 D310t 7871017 488 102 136107 554100 165100 272 10 235107 1.1110°
Rhenium
Re-177 ps81ot 99910  1.02 102 290 10" 128 1072 104107 195 101" 600107 645 108

wg10' 4131007 643100 324 ot 80410 63910 6.60 1o 21810 5.06 104
Re-178 p8ilo! 49010% 643 107 34110 686100 574 o 71710t 4210t 609 1042
wgi10' 1601007 40810 371 101 44110 363100 286 ot 1230t 5070t
Re-181 D810l 465101 39610"  3.53 10° - 481 10" 40810" 995 10 21910 162 10t
wasiot 41010t 33410 686 10 4110 323 10" 54510 1.80 10 17410
Re-182 D8 10" 39310" 346 ot 238100 40710 337100 589107 .38 10 109107
127 h ws 1ot 32010 28210 379 10 33riet 2ssio0tt 299 10710 1.06 1070 1.03 107
Re-182 D80! 212107 LT7 1010 925100 213107 182 10 2.6510° 84210 554107
64.0 h wg10! 218101 18810  3.04 10° 22610  .7810%° LTI 10 802100  7.7210"
Re-184 Dslo! 1721070 1651070 462 100 193100 167100 LIS 10* 6.56 10 383107
w10 225100 40510 7.24 10 44410%° 35610 112107 1.01 10° 1.39 10”°
Re-184m D8 10! 1.6610° 155107 654 10 1.8810%°  1.6910%° 196 10 1.06 10° 547 10"
w30t 239101 5881070 262 10 67910, ss210% 210107 1.77 10° 3.98 10°
Re-136 Ds 10’ 687107 679107 9.77 0 69910 69110 3.4110° 90310  S52810"
w10 45310" 44810t 442 10° 47210M 45910 219107 810107  8.64 10"
Re-186m Dg10! 455100 15210 685 1010 160107 158107 228107 1.8210° 7.83 10°¢
. 8.01 10" ST wall
wgl0' 1.58107 186107  7.44 10" 21610 20210 285107 2.16 10° 9.76 10°
Re-187 psiot 29510 295100 229 10 29510" 295101 7.90 10% 37710 1.80 102
1.61 10" ST wall
w10t 260100 260100 100 101° 260107 26010" 696 1017 4.09 102 1.47 10"
Re-188 D& 10" 49710" 49210 1.35 107 499 10" 49310 418107 701107 52510
wsg ol 27010" 26510 2.52 10° 271 10" 26510, 2.1910° 5391070 S5.44 10
Re-188m D810t 1011077 102107 319 10" 1.09 1012 .05 10" 8.02 10" 14010~ 11010
w810 525101 548100 54l oM 60110 573100 45 10t 1.02 10°" 1.11 10"
‘Re-189 psio! 33o0t10" 3180t 7.03 o0 33210 32310 227107 422107 29710"
w10t 20310 1.90 107" 1.53 107 2.04 10" 1.92 10" 1.2710° 34510 3.36 10"
Osmium
Os-180 D110? 102100  10810% 217 10" L2210 95510t 889107 497 10 471101
w1102 262101 674100 233 oM 739100 595100 621 1o 1.58 1072 3.56 108
v110® 17410 606107 250 1oV Bs52100  s0610 539 1013 163107 373101
Os-181 D110? 1.6410" 8951007 891 [l 1.15 1o 834107 65310%7 44610 313 1"
w1io? 13110 60810M7 1281070 8.2 o' sa110tt 392107 40810t 330 10"
Y1103 14410" 5661017 137 109 7681077 44410"7 3.8 102 47110" 36210
Os-182 D110? L6110 76010" 3.6l 10 10310 747107 54310 401107 23210
w1102 23410%  63310" 8521070 9.55 ot 5.12 10" 3.09 107" 52710 34210
y 107 263100 60110t 870107 9.50 1ot 4ss10M 24310" 6011070 373 10°%°
Os-135 Diio* 1.47:0° 1.47 107 1.97 107 1.78 107 1.48 10° 1.18 107 5.62107 . 280107
w1107 716107  7.1310% 645107 83110  63710% 578107 1.88 10 1.76 10?
v110° 520107 911107  1.4310° 9.85 10" 745107  7.8610%° 179107 2.68 107
Os-189m D1i0? s2210"  soriot 282107 497 107 49610" 5041007 9851017 6.63 104
w1102 139100 125100 39210 118 o 17100 g0t 85310t 734 108
yi10? 3so1ot 17610 4a610"  9.07 10 83810 81S10M 1.0210" 807 101
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Table 2.1, Inhalation, Cont'd.

I,

Committed Dose Equivalent per Uhit Intake (Sv/Bq)

Nuclide Class/f, Gonad Breast Lung R Marrow B'Surfaee Thyroid Remainder Effective
0s-19! D110t 192100 173100 604 o 226100 20410°° - 15910 159 10 660107
wiio? 197100 s2210" 555 10? g68 10" - 6010 375 " 100107 1.01 10"
yi10? st 29610 685 10? 61010 39310 14310M 909 10 11310”
Os-191m D110} 97510 877 w0 nie10t  Lioaoet 1.00 10" 821101 104 1o s.09 10"
w110° 360101 252100 364 10 401100 305101 1.88 102 9qat0t 731 1w
vi10® 273100 126 101 4181010 264 10 1es1of? S840 102 0% 83010
0s-193 D110? 43210 368 ot g1s10t® - 39710t 373 1ot 35110t 629 e 31010
wi0? 21410 1.00 107! 1.94 10” L3t 97310t 778 1000 849107 496 10
v 110? 181107 45110 200 10” 79010 400107 204 102 982107  S.41107
0s-194 pi10? 1.0010°" 9.99 107 113 10° 1.01 10° 9.99 107 9.88 10? 9.02 10% 34210*
w110 265107 2.66 107 1.37 107 26910° 265107 261 10° 2.79 10 2.64 10°
v 110° 93610 153107 1.47 10 1.56 16” 1.39 10° 137107 1.30 10°* 181 107
Iridium '
Ir-182 D110° 26210" 183 o es3ot 21910 LTI w2 L4310% et 138 1 {iad
w10t 289101 127 101 749 10" 1.66 1002 1061017 8.37 ot 722107 12310M
yi10? 3101007 L1210 187 ot 1s310 sTLIoP 643 v sle10t 13110
Ir-184 pi1o? 27510 Ls3joft 21310" 183 oY . 3zt Lizio" sasiot 621 ot
w1100 141107 9.66 10 261 10 1210t 774 10 e8sai0t? 47810 524 o
y110° 15010" 880 j01?  28010% 103107 648 o sstiot ser10tt ST 1ot
Ir-183 D110? 56510t 310 ot 253100 agz2i10t 3.09 1o 22410 19810 109 10"
wi10° s3010M 20210 445 10 288 10" 1.75 10°M 1110t 187107 13010
Y1107 s7710" 204 1ot sa010M  29310M 1.63 107" 10310 215107 148 10"
1r-186 D110° 134107  58610" 354 ot 7.ss10M 527100 402 ot 277100 1.8010"
w1102 155101 476107 594 100 eas 1ot 36210t 247 ot 3221000 22310
v 110 1771070 459 107" 61310 64510 3.26 10" 2.00 10°"! 373 106% 246101
Ir-187 p110? 23310M 1.07 101 116 107°  1.56 10 109 10 1741017 667 10" 438 10"
wi110? 22010 782100 178 10 r2110" 697101 435 0 1610 sasiot
vy 1100 262100 73610 185 o' 10t 61010t 337 jo? gariot se7T10M
Ir-188 D11o? 25010  LI18 100 395101 147107 107 10 g2310M 47010 292 [
w1l0? 332107 9.7810% 892 10° 13010 734100 492 10" 5461070 388107
y 1107 37010 92610 9.3 100 128107  es2iot 395 0"t 61010%° 417107
Ir-189 pD110? 1.0310% 84810 270 100 13410 1141070 742 10" 648100 287107
w1100 66410" 35610 210 10? 687 10"  47410" 207 ot 41410 408107
y110? s58910" 26610 252 10° 5.68 10°" 1.53 10" 1.06 10" 39110 446 i
ir-190 p110? 873107 671107 134 107 860107 6941070 518 10 291 10° 1.49 107
W 1107 807107 4081070 646 107 5321000 35710 274 10 1.76 10° 1.65 10°
y110% 79210% 36110 753 10 47210 29510 230 10 169107 .73 10
1r-190m D1102 367100 2841007 LI8 ot 3e210M 29410 221 ot pasiot 709108
w110° 3361017 170107 340 1ot 22110 1491077 11510107 7.50 T X o B [ i
Y1102 3.28t0"2 1.49 102 390 10°" 1.95 1072 1221077 9.46 o 74010M 824100
Ir-192 p1lig? 222100 2.07 10° 3.17 107 2.39 10° 2.0710° 1.72 10° 1.15 10° 510 10?
wW110° 942107 851107 255 10* 072101  7.66 107  6.59107° 4.33.10? 488 107
vy 1102 608107 863107 524 10° 93810 70010 651 10 294 107 1.61 10°
Ir-192m p110? 6.5110° 6.27 107 .50 10° 7.66 10° 6.56 107 5.05 10° 334 10 1.48 10°
w110? 199107 214 10° 2.1110* 2.60 10 2.17 107 1.70 10? 9.9510”° 6.76 107
Y1102 248107 1.38 10°* 7.49 107 1.51 10* 1.20 10° 1.08 107 3.04 10° 1.04 107
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Table 2.1, Inhalation, Cont’d.

B

e

Committed Dose Equivalent per Unit Intake (Sv/Bq)

Nuclide Class/f, Gonad Breast Lung R Marrow | B Surface Thyroid Remainder  Effecuve
Ir-194 D110 53010% 478101 147 107 88 10" 474100 466100 9.07 10 47810
wii0? 19810 Li1s10f 288107 L9 10"  Loiet 0210t 120 10 - 1410
yi110? Lasiot 38410t 299 10? 504100 289 10% 204100 140 10" 7.84 1070
Ir-194m p110? 17.4010° 1.25 107 9.63 10? 8.34 10" 699 107 576107 3.0710° 1.47 10
w1 10? 3.0910° 3.1710? 3.66 10° 3.51 107 215107 253107 9.89 10° 9.19 10”
Y110t 204107 477107 1.13 107 482107 3.70 10” 404 107 9.68 107 185 10°
Ir-195 D110° 328101 281107 1821070 334 o 302100 262101 459 1" 37410
wiio? 1051017 9.2210P  22310% 124 o 1oe10M 169100 232 10" 34310
y110? 502108 17100 240107 6.18 10" 40510 145107 280 10" 37510
Ir-195m D1102 12510"  1.7010%  2.66 107 969 10" 17010 6.24 o g6zl 63710
W12 631101 3781017 3431070 499 o 3851007 262101 581 ot 61510
Y 110° 6161007 28210 36610 405 o 242100 150107 698 o' 67410"
Platinum : : ’ :
Pt-186 prio? L5101 93510 110 0° L1710t 829101 695 0% 49910 3ss 1ot
P1-188 D110% 495107 336100 69710 446 10 3s5010% 26910 173107 8.48 107"
Pt-189 D110 25010 1.17 10M L1310 191100 13410 842107 195107 484 o
Pt-191 D110? 86210"  4S110M 2561070 765 o ssg1ot 3410t 39 10 1.66 10"
Pt-193 p110? 14310 13310M 38610t 136 " 13S0t 14210M 162107 64 oM
Pt-193m D110% 37810"  35510M 40910 386 ot 37010 3sotott sss10t0 237 10"
Pt-195m D110? 68010" 54210 565 10 72410 629107 504107 7.48 10 329 10"
P1-197 Di10? le4lo! 14510 455107  1.59 10" 1.50 10! 141 10% 29710 18310
Pt-197m D1102 32410% 2801017 14010 3.8 o2 29210M 262100 48310 331 "
Pt-199 Di11o? 10910% 98710" 661 10" 107 10" 9.6610% 90310 126 ot 1.23 0¥
Pt-200 pilic? sIs5iot  aasiot 1.41 10° 48210 43910" 41420 838 100 45010
Gold
Au-193 ptiot 23210M 1.12 101 1.39 101 194 107" 145107 881101 78610t S.08 (i
wlle' 236107 73010 2561070 1.50 10 8.66 107 361 107 1.0s 10 713 10M
Y110 261 10" 652101 266100 146 o 741107 23710 123 10 78210
Au-194 D110° 166107 736107 262101 938 o 71010 sT010M 24310%° LM 1071
w100 214100 65810 619107 890 oM 519101 350101 3481070 255 104
yiieh 237100 636107 63710 8.88 ot a7310M 288 10" 39410 276 10"
Au-195 D1100 62710 a0410M 22310 689 o s7310v 3T et 19210 L1710
wiiot 7710t 82110t 181107 16210  1.20107° 420107 454 10 113107
vt 76710 22910 2.6510° 4351C% 33910 10810 663 10 . 3.5010°
Au-198 D110 14310 95210 95210 1.05 10 93610". 87107 6831070 387 10"
wi10" 13510 s0710M 336107 62010 42210 34610" 122107 8.20 10"
y1i0' 14010% 4160t 385107 s40 10" 31910 237100 139107 8.87 10
Au-196m’ D110" 242107 14810 109 10° 188107 160 107° 1301070 87410 507 1071
Ww1te? 2551040 901 10" 519107 1.36 1010 8.66 101! 5.53 10" 1.64 10? 121107
V1107 26810 779107 5.4910° 1.26 10" 7.14 107" 3.99 10" 1.84 107 131 10”?
Au-199 D110' 506100 3T 10M 415107 445 10" 399 107" 34210 296100  Le4 107
w110t 39010 1.60 10°" 1.63 10° 2.45 10" 1.68 10°" 1.10 10" 54510 37510
Y 1107 3.8410M 1.19 10" 1.71 10% 2.07 10" L2210 64710 6181070 405107
Au-200 D110t 19210" 1791077 132107 182 107 16910 166101 236107 2.40 1w
wiiot 5561007 68110 14810 681100 612 o 62410 578107 19910
vyi110t 16810°  30610"  Le0 10" 301100 228 10 242107 64610 21310°"
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Tabie 2.1, Inhalation, Cont'd.

Committed Dose Equivalent per Unit Intake (Sv/Bq)

Nuclide Class/f; Gonad Breast Lung R Marrow:  B'Surface Thyroid Remainder Effective
Au-200m D1100 22810 L1110 9341010 132107 102 1010 g0410" 604107 389107
w110' 249107 8030t 175107 102107  61710M ° 48610"  8.0610"° 542 10"
Y1100 27810 74610 1.80 10° 9.91 10" 520 100 3.76 107" 9.39 107 59310
Au-201 Di11ot 397100 3gg1o? 430107 404 10" 3ss 10 38310M elziot 72310
w10t n1sio" 1.40 10 470 107" 1.41 109 1.33 100 1.34 10 1.08 107 6.04 10°1
Y110t 1.6410M 43510 s0310 440 10 as1io™ 369 10 LS 10 6.40 10°12

Mercury
Hg-193 D210? 10910 582101 L1210% 96310 7.20 109 as310M assiot 33210
w2107 8.5010M  32110% 1.61 107 ear et 374100 172100 43610 359 10"
D10 6021007 6281077  L13100  99410F 872 107 58610 24010 250 107"
Vapor 2.1910%  49310% 370 100 752100 62010 350100 1.00 10 801 10"
He-193m D210 876101 42710 3511070 592100 438 10! 3310t 2491070 184107
w210° 8.6010% 283107 60710 42s510" 246 o 1.54 107" 284107° 19010
DO 412107 43010 357100 60510t 525 1ot 43210 146 107 L1410
vapor 20310 42610 1.34 10° 512107 42s10M  3s710M 89610 2.08 101
Hg-194 D210? 255108  20510%  19910%  25610% 219100 18810% 530 10t 32010°
w210? 7.3710° 6.33 10° 218 10" 7.78 10° 6.58 10° 5.67 107 1.55 10 1.14 30
D10 298 10° 2.49 10" 2.39 10 3.81 10° 3.25 10 2.85 10 9.51 10" 4.90 10°*
Vapor 3.7210° 3.00 10°* 3.03 10t 3.75 10 3.2110° 2.75 10" 275 10" 4.70 10*
Hg-195 D210° 1.6010°" 874 107 108107 133 10" o110t 11910" 61910t 389 107"
w2100 1301001 50410M 181107 838107 519 10 30210M 6011077 450100
D10 919101 97310 110107 15110 L3310 97510t 39310 31210
Vapor 4.51 1077 843101 3.80 100 L1610 97910 7.20 10 1.97 10" 55810
Hg-195m D210? 10810  70310% 50310 9.3610" 790 10V 640107 495107 2.61 10°°
w2107 9.46 10" 316 10°1 1.47'10° 5.05 10" 31510 1.94 107" 6.45 101  4.06 10°"°
pic 8.08 10" 7.83 10" 5.14 1070 1.13 107" 1.01 100 8.09 10°" 42710 24110
Vapor  6.49 10° 7.62 10" 2.50 10° 9.69 10" 8.56 10" 6.97 107" 233107 414107
Hg-197 D210? 44010" 3210M 217107 a98 0™ 4asiett 28810 22510 117 10°1°
w2107 33810 1.20 10" 7.21 10 265 10°Y 1.62 10" 6.98 10°"° 284 1010 1.86 10°"°
D10 35810 3.41 10" 22110 580 10°" 1510 339 10" 206 i1C'° 1.12 101
vapor 3.15 107" 3.47 10" 112 10° 5.34 10" 470 10" 3.00 10°%! 1.18 100 1.92 1071
Hg-197m D210° 49710" 38010  48610°0  so4i0t 44 10t 355 10" 380 10 1.99.10"
w2107 3.1510M 1.26 10" 1.1710° 2as 10! 1.48 10°" 84310"7 493107 30210
D10 43910" 4.26 10°" 492100 5.81 10°" £.35 10" 421 10" 2.58 10 1.64 10°%°
Vapor  3.14 107" 3.47 10" 2.2210° 4.65 107" 419 10" 31710 11910 32310
Heg-199m  D210? 95410" 849 ol sT 1ot 105100 90310 122101 9.69 0% o3 10"
w2107 265107 362107  63710" 4681077 395 10" 28810 2281017 8s2100
D10 886100  99710" 5.73 10" 1.17 107" 108 1072 9.05 10 647107 93910
vapor 7.29 10 42210 148 1070 5891077 47610 28910 84310 182 10"
Hg-203 D210° 655107  54710% 876100 659100 589 10 so610  21310° 1.10 10°
w2100 27410 214107 87810° 363101  20910" 16610  1.1910° 1.55 107
D10 85710% 77610 Li110? 1.06 10° 947101 809107 445107 1.98 10?
Vapor 8651070 790107 332107 9.45107° 849107  7.3210% 277107 1.73 10°

Thallium
Ti-194 D10 57510 966107 9401072 109107  89510M  7.98 o 297107 249 100
TI-194m D10 20010 31610 58110 333107 281100 1.20 10°" 1.21 101

2,75 102
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Table 2.1, Inhalation, Cont’d.

o,

Committed Dosc Equivaient pet Unit Intake (Sv/Bq)

Nuclide Class/f, Gonad Breast Lung R Marrow B Surface Thyroid Remainder Effecuive
TI-195 D10 37710 46l 0% 52610 526 1012 454101 409 ot 123t 12s1et
T-197 D10 46610  SH o ss1wet 6m (0" 596101 aes10M? 123 " 1340
T1-198 plo 23510t 250 10! 130100  27710M 238 o 224100 483 100 4es 10
T1-198m D10 952107 110 ot 12210 12310 1.07 107" L0010 2710 289 woh
T1-199 D10 64510 690 1ot 82710 957 1082 83710 624 101 1.54 10" 188 10"
T1-200 pi1o 85310t 832 o 27810 978 ot 8.s710t 190 10" 14210 127107
T1-201 D10 36610% 332 (il 169107 53710 4TT (oAl 410" 6710 634 "
1-202 DLO 21910 190 10t 34010 255 10 22410" 181 10 329107 2.66 10
TI-204 D10 41410 414 1o 11310 41510% 415101 414 101 91410 650 1w
::fwm D210t 226101 190 ot 36110t 295 1t 83110% 148 o s4er10M 83710M
Pb-198 D210t 999510  7.36 10 s.s710M 166 1011 27910 481 102 25210 208 10!
Pb-199 D210? 9.8910% 621 o 51910t 999 1032- 19710 435 1o 24710 1.97 107"
Pb-200 p210t 1.0810% 639 10 34010 202 100 7.6610°° 428 o 29510" 214 107
Pb-201 p210" 38510 1.96 10°" 146 100 563107 210 10 13310t 9l 10" 7.09 10"
Pb-202 D210t 1.4510° 1.63 10° 1.62 10° 6.66 10° 9.46 10 1.49 10° 24210° 2.65 10
Pb-202m pz210' 3.1710" 1.80 10"} L2010 25110" 352 1ot Lasiott 62610 483 o
Pb-203 D210t 60110 344107 206 167° 15410 7.54 10 23410M 1861070 143 10
Pb-205 p210? s2s10t  s8710t 776 ot 437107 9.58 107 551100 73010 106 10”
Pb-209 D210 1.4810% 148 1007 115100 6.03 o2 57510 148 1072 29210 2.56 107"
Pb-210 D210} 3.18107 3.18 107 3.18 107 3.7510% 54710° 3.18 107 4.69 10 3.6710*
Pb-211 p210' 163107  1.63 10 1.7810° 264100 139107 163100 25110 235 10’
Pb-212 p210' 3.4710° 343107 1.97 107 3.34 10° 371107 342107 1.78 10° 4.56 10°
Pb-214 D210" 163100 162 jo'°  14910% 4631070 3.88 10° 16210 26210 211 10?
Bismuth ’

Bi-200 D502 se4t0? 391101 S1] ot s0210M 314100 244 o 29610 L1810
w5100 6041017 3321017 690 ot 41810M 263101 227 0 11Tt ezt
Bi-201 D510? 164107 812101 145 10 LIniet  6.56 1077 4.68 o2 oatiet sa7et
wsio? 128100 6381017 192 10 8391077 506101 404 o at610M 428107
Bi-202 Ds10? 1s510' 939 1002 s4010™M LIS10" 697101 5.69 1o 57010 342 oM
w5107 613107 650107 9.67 10 71110M 488 101 499107 22410 220 (]
Bi-203 D5107 124100 49410 307 10 68410 374100 235 ot 394100 203107
w5102 1.5310%  so710M 575 100 667107 3.60 107 246 10 33010 224 10"
Bi-205 DS10? 34010 148 100 41110 214 10 11710 669 107" 1.19 10° 544 10"
w5102 691107 37010 431 10* 43110 27410 241 10 1.2010° 117107
Bi-206 D510? 599107 246 1000 9.4710%° 355 10 19310" L17 e 2.2810° 1.04 10?
w5107 116107 438 10"  5.6210° 54110 314107 268 10 220107 177 10°
Bi-207 DS10? 374100 1791070 6951070 261 101 146100 90210 210107 873 10
w5102 97110% 125107 31710* 1.3210° 9.58 10° 108107 3.19 10° 5.4110°
Bi-210 DS107 19610% 1961070 247 10° 196 10°° 19610 196 1o 1.2610° 4.18 10?
585 10° Kidneys
w102 647107 64710 426 107 647107 64710 64710"  5.66 107 529 10°
Bi-210m psio? 10110" 1.00 10° 3.15 107 1.01 10* 1.00 10°* 1.00 10° 6.03 107 2.25 107
, 2.96 10°¢ Kidneys
w5107 3.20107 3.2310? 1.66 10° 3.28 10”? 3.20 107 3.16 107 1.92 107 2.05 10
Bi-212 DS510? 1.6610° 16510770 339 10° 165107 164101 1641070 5.56 10 ss310”
ws510° 47410 4g0l0t 389 104 sg01M 47510 47510 159 10”? 51710°
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Table 2.1. Inhalation. Cont'd.

i,

Committed Dose Equivaient per Unit Intake {(Sv/Bq)

Nuclide Class/f, Gonad Breast Lung R Marrow B S‘urface Thyroid Remainder  Effecuve
Bi-213 ps5to? 310 131 e 281 10" Latiofe 131100 131 10" 3.9510° 4.6310°
w5102 3s8010" 380 ot 3.16 10 381 10 - 380107 380 10" 114 107 4.16 10"
Bi-214 psio? s5.0810M 510 104 1.22 10* sjotot  so0s10" 807 10" 94310 178 10
ws10? Ls1107 1550t 1.32 10% Lss 10" 15410 154 ot 277107 168107
Polonium '
Po-203 D110t 10810 643 1o 61810 757101 5.59100 477 10 281 10" 214 10"
w110t 9.12107 446 10 8.6 10" 533 10t 347101 297 10 196 10" 1.99 10"
Po-205 piiot L1210M 1.21 107" L1 1o 139 10" 106 107 939107 454 16 3es 1ot
w110 87410M 130 10 144 10 805101 588 o st 203 10M 2.80 10"
Po-207 piot 37210 1.96 10! L7t 23710 1.67 107" 148 10710 834107 548 AR
w0t 28110 1.39 10" 1.52 10°° 16510 10610  9.82 1o 59110 47Tt
Po-210 D110 404107 4.04 107 7.29 10”7 4.04 107 4.04 107 4.04 107 7.40 10 2.54 10°
w10 1.26107 1.26 107 1.30 10°% 1.26 107 1:26 107 1.26 107 23010 232 10
Astatine
A1-207 D10 9.8710" 100107 4.3210° 1.0310" 10010 100 10" 11610 611 w
w10 3.5610"  40710" 5.14 10° 418 107" 39610 402 100t s3s 0t 655 1w
At-211 Dio S.0810° 5.08 107 1.48 107 so0810°  5.0810° 5.08 10° 5.1210? 2.22 10
w10 243100 243 108 212107 243100 243107 243 100 247100 270107
Francium
Fr-222 D10 329107 3291070 252 10t 3201070 329100 329107 352 o 33210t
Fr-223 D10 144107 1.44 107 3.44 10° 1.44 10° 1.44 107 1.44 10° 1.44 10" 1.68 10°°
Radium .
Ra-223 w2io! 3.3810° 3.38 10" 1.66 107 2.24 107 2.34 10 338 10* 6.14 107 2.12 w*
" Ra-224 w210 156 10" 1.54 10 6.56 10°¢ 1.13 107 1.17 10 1.5310° 155 10" 8.53 107
Ra-228 w210" 3.0710° 3.07 10t 1.67 10° 1.58 107 1.68 10°* 3.07 10" 3.63 10 2.10 16
Ra-226 w210 102107 1.02 107 1.61 10°% 6.64 107 7.59 10 1.02 107 1.07 107 232 10"
Ra-227 waio! 227100 2361017 332 10 48110" 959101 230 107 4601077 7.68 107"
Ra-228 w210 183107 1.84 10”7 7.22 10 7.38 107 6.51 10 1.83 107 1.87 107 1.29 10
Actinium
Ac-224 p110? 587107 695 10 595107 3.84 10° 4.83 107 249 1017 264 107 3.56 107
w110° 1.0110° 5.66 107 228 107 6.38 10° 8.04 10° 278 102 512107 32310°
vy 110° 74810" 538107 243 107 38210  47310° 268 10" 118107 297 10*
Ac-225 pDio? 522107 7.63 10" 1.57 10 3.72 10 4.65 10° 403 107 25310% 29210
w110? 8.7010° 5.16 10" 1.55 10 6.19 107 1.75 10 289 10" 4.53107 232 10
vy 110? 5.2010° 4.66 16" 1.79 10 3.63 10" 453107 264 107" 6.1410° 2.19 30
Ac-226 D110° 56010 729 10 9.15107 3.30 107 41910¢ 307107 224 107 3.56 10
w1107 10710 74310 23010 6.35 10* 8.04 107 27110 522100 3.26 10°
Y 110° 1.3010° 745101 2.4210¢ 7.89 10* 9.89 10°* 245107 171310% 300107 °
Ac-227 D110 3.9610* 6.66 10’ 1.23 107 2.57 107 321107 3.59 10 1.47 107 1.81 107
w110? 9.9810° 1.70 10° 6.80 103 6.49 10 8.10 107 9.22 10° 3.70 107 4.65 107
Y i10® 3.5610° 1.06 10° 1.54 10° 2.33 10 291107 6.47 107 1.34 10 3.49 10
Ac-228 D110? 15810 21110 641100 LW 107 1.4310¢ g81 10" 156107 8.33 10"
w110? 390107 12410 3.4710° 2.80 10°* 3.49 107 677107  18710° 246 10"
v110° 68410 12810" 253 107 4.76 107 593 10" 779101 3.3610° 33910°
Thorium ’
Th-226 w2104 162107 16210% 121 10° 514100 453107 16210 18110 897107
y 2104 9.1710M 9a810M  7.82 108 L2210 . 142107 9.18 1012 294 10" 9.45 10”?
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Table 2.1, Inhalation, Cont'd.

Committed Dose Equivalent per Unit Intake (Sv/Bq)

Nuclide = Class/f;y  Gonad Breast Lung R Marrow B Surface Thyroid  Remainder  Effective
Th-227 w2104 536 100 S3610% 240 108 24310°¢ 2.94 10° 5.35 10° 1.47 107 41210%
v210° 296107 298 10? 3.58 10° 130107 1.s810¢ 294 107 20610° . 43710%
Th-228 w210* 13510¢ 1.35 10¢ 9.48 10° 1.12 10 137107 1.34 10¢ 3.4410%¢ 6.7510°
v210¢ 226107 2.32 107 6.91 10 1.8710° 229 10 2.30 107 6.05 107 9.23 10°
Th-229 w2104 27610% 2.6 104 7.9510% 1.15 107 1.43 10° 2.76 10 1.05 10 5.80 10
Y210* 1.1810¢ 1.18 10% 1.99 10° 4.60 107 573100 1.18 10 3.02 10* 4.6710°%
Th-230 w210* 408107 4.08 10”7 161 107 1.73 10% 2.16 10° 4.08 107 1.05 10 8.80 10°
vy210% 172107 172 107 3.0010* - 699107 8.71 10% 1.72 107 4.48 10”7 7.07 10°
Th-231 w210* 1.6210% 30010  1.8110%  7.88 ot 92210 197 o8 33210 233 1w
y210* 6951077 142 1012 81510 278 ot 1510 3.09 1ot 39110 237 10"
Th-232 w210* 162107 1712107 1.44 10° 8.93 10" 111 107 7.44 107 1.87 10 44310
: y210¢ 598107 6.14 107 9.40 10 4.01 107 49910° 599 107 1.51 10* 31110
Th-234 w210 LI3I10P 108107 466 100 418107 283107 103 1010 554100 804107
vy2104 21110" 166 o 63910 256101 62910 127 10 5.8010° 9.47 107

Protactinium
Pa-227 W 110° 460107 83410 995 10¢ 47610 130107 s2010M 22610 123 10°
Yi10° 48210 911 o 110107 27010" 409100 5.63 o 46710" 132100
Pa-228 wi1i10? 1ss10%  4Tsiot 159 107 8.86 10° 1.11 10% 23510 281107 6.39 10*
Y110? 179107 534 1ot 931107 1.50 10° 1.86 107 2.74 10" 1.00 10° 1.19 107
Pa-230 w110 32710 190 10 1.8710¢ 1.53 107 1.91 10°¢ 13710 2.4010° 3.07 107
Y1107 334107 1961070 325 104 1s110% 186107 1.s31010  24910° 398107
Pa-231 w1107 6.9010° 8.79 10? 1.72 10° 697 10 8.70 10° 7.64 107 2.87107 3.47 107
vy 110 3.0610° 5.6510° 7.47 10 2.88 10 3.60 107 44510” 2.12 107 23210
Pa-232 w110? 16610 477 10" 240107 4.89 10° 6.10 107 251 10" 6131070 247 10*
Y 110? 192100 486 ot 747107 1.94 10% 241 307 244 10" 712100 188 10
Pa-233 wii10? 129100 83210 L19 10° g21 10" 737107 s.17 10" 1.4710° 2.24 107
Y 110? 12910 9.20 10" 1.70 10 1.86 10 82810  5.62 10! 1.48 107 258 10
Pa-234 w1107 so0810" 203 10"t 84610 33t 10 824 10" 1.20 10°"! 2.46 1010~ 1,98 10
v 1107 61310t 219 ot 89710 274 10t 206 10" 1.23 10" 298 100  2.20 10"

Uranium

U-230 D510? 7.9010% 7.90 10° 2.02 10 2.73 10 329 10° 7.90 10°* 2.44 10 232 10°
ws10? 171100 1.71 10 3.25 10° 5.95 107 717 10 1.71 10° 5.63 107 4.36 10°*
y210° 887101 882107 435 10° 3.28 10% 396 10”7 g8 10"  7.0310° 526 107
U-231 p 5102 250 10" 1.30 10" 2361070 134 10° 123107 91710  29810% 179 107
W 510% 3.6510" 1.16 10" 1.18 107 469 10" 280100 498 100 37210 278 10
Y 210° 4.1510" 1.07 10" 1.51 107 256 10V so3tott T 358 102 41410 322107
U-232 D 510? 8.0010° 8.06 10* 4.07 107 4.06 10 64210° 7.85 10° 3.11 10 3.4310°¢
w510% 2.5110% 2.5310° 2.49 10° 1.23 10 1.94 10 2.47 10" 9.76 10" 4.02 10°¢
Y 210° 1.6910% 2.66 10°* 1.48 10° 4.68 107 714 10% 2.43 10 5.86 107 1.78 10°
U-233 D510% 25410° 254 10° 322107 7.12 10”7 112 10 2.54 10° 9.40 107 1.53 107
w5107 763107 1.63 107 1.62 10° 214 107 3.36 10°¢ 7.63 10° 2.89 107 2.16 10
Y 210° 269107 2.7310? 3.04 10 7.39 10°* 1.16 10°* 2.70 10° 1.08 107 3.66 10°
U-234 D510% 25010 2.50 10° 3.18 107 6.98 107 1.09 10° 2.50 10°* 9.26 107 737107
w5102 1.52107 1.52 107 1.60 10’ 2.10 10”7 1.29 10 7.5210° 2.85 107 213 10
v210? 265107 2.68 10° 2.98 10 72210 1.13 10 26510°  1.06 107 3.58 10
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Table 2.1, Inhalation, Cont’'d.

Committed Dose Equivalent per Unit Intake (Sv/Bq)

Nuclide Class/fy Gonad Breast Lung R Marrow B Surface Thyroid Remaindet Eitecirve
U-235 p5i10° 23710°% 2.38 107 235107 6.58 167 1.01 10° 23710* 8.59 107 6.85 10°
ws10? 7.24 107 7.3310° 1.48 10°* 1.98 107 3.05 10° 7.22 10" 2.65 107 197 10
vy 2100 284107 5.37 10° 2.6 10* 2.1510° 1.05 10 41110”° 1.02 107 3.3210°
U-236 D5 10° 23710 2.37 10" 3.01 107 6.60 107 1.04 10° 2.3710° 877107 700007
w107 712107 7.1210° 1.51 10° 1.99 107 3.1210* 112107 2.70 107 2.01 10*
vy 2107 2.5110° 2.54 10° 2.82 10 6.83 10¢ 1.07 10° 2.51 10° 1.00107 339’
U-237 ps10? ssstot 33910t 613 1010 412107 4.0210° 26210  89410M  s32w
ws10? 739107 278100 4.26 10° 123107  83s10% 13910 1.10 10° 9.03 10"
vy 2100 81s10" 251107 470 10° s2310M  6.8210M 1.00 107" 119 10° 9.54 10"
U-238 psio? 2.2310° 2.2310° 2.80 107 6.58 10”7 9.78 10 22210% 8.22 10" 0.6210°
w5107 6.7110° 6.74 10 1.42 10° 1.98 107 2.94 10 6.71 107 2.54 107 1.90 10
Y210 242107 291 107 2.66 107 6.88 10% 1.01 10 2.73 10° 9.61 10 3.20 10
U-239 DS10? 628107 492100 425 o 18410 L2710 432 10! 989100 891108
w5107 aget0?? 233100 578 10" 60010" 275107 159 10 7461017 94510
v 2107 4.6010" 1.40 107 ea6101 270 10 3ot s9210t 850 10 101 10"
L-240 Ds10? 40810M  26910M 127107 L9 10 30107 23710 7.60 10 42110"
w5107 316 10" 126 10" 226107 34710 9.0610" 852 107 86610 548107
y 2107 33510 898107 243 107 1.26 10" 1.49 10710 4151077 1.03 10° 613 10710
Neptunium
Np-232 w1107 68510 432100 206 0t 612101 7.6310° 381100 560107 339107
Np-232 w10t sssiott 90810t 339 o2 26110 157101 610 jo* 238100 SRTI0P
Np-234 w10 348100 130107 159107 244101 585107 68510 674 100 549107
Np-235 w1107 1.4910M Lottt 230 10° 1.68 107 1.67 10°* 31310" 346100 L2107
Np-236 w1107 6.2910°¢ 9.83 107 1.32107 s.1210% 6.39 10 6.29 10° 3.99 10 2.81 10°
1.1510°y
Np-236 w1107 405107 393 10" 814107 3.87 10° 4.83 107 200 10" 4.0410° 223107
25h
Np-237 w1107 296 10° 1.69 10°* 1.61 10° 2.62 10" 3.27 107 1.34 10" 2.34 10° 1.46 107
Np-238 w110? 1.9910° 4.18 10" 3.47 10" 1.69 10° 2.10 107 2.45 10" 2.55 10° 1.00 107
Np-239 w 110! 74510 1.63 107" 2.36 107 208 100 203107 76210% 95910 678 wrte
Np-240 w1107 228101 226 o 126101 8151077 699107 198 o2 93010 220 107
Plutonium
Pu-234 w1100 368101 34910 475 10 2.28 10° 2.80 10t 2.92 10" 1.64 107 7.40 107
Y1109 63710M L1310t 6.00 10" 213100 24810° 581107 27510 7.40 10
Pu-235 w110 34710 68310 378 101 147100 5471017 4.63 oM 20110 S.68 10
Y 110% 158107%  6.1010" 446 1o 92910t 12110 379 10"¢ 17710" 61710
Pu-236 w100 9.3510°¢ 3.31 10°¢ 1.84 10° 5.36 10°% 6.70 10* 1.86 10° 2.68 10° 391 10°
Y 110% 3.1610% 1.53 107 1.88 10 1.81 10 2.26 10* 8.38 10° 891 10°¢ 3.50 108
Pu-237 w110° 65110 389 o 22010° 246107 183107 182 101 3231070 46810
v110° 38610 40710 3.70 10° 7.68 10°" 1.80 10" 21810 195 10" 53310
Pu-238 wi110® 28010° 100107  18a10° 152100 190 10 962107  70210° 106107
Y110 1.0410° 44010 3.20 10* 5.80 10° 1.25 10 386 10" 274107 7.79 10°
Pu-239 w110} 3.1810° 92210 173107 1.69 10" 2.1110° 9.0310™  7.56 107 1.16 10°
v110% 1.2010° 399 10 3.23 10 6.5710° 8.21 10% 375101 3.0210° 8.3310°
Pu-240 w110? 3.1810°% 95110  1.71310°% 1.69 10* 2.11 107 9.05 10®  1.56 10° 1.16 107
Y110 1.2010° 43310  3.23 10¢ 6.57 10° 8.21 10 376 100, 3.0210° 8.33 10°
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Table 2.1, Inhalation, Cont'd.

b,

Committed Dose Equivalent per Unit Intake (Sv/Bq)

Nuclide Class/f; Gonad Breast Lung R Marrow B Surface Thyroid Remainder Effective
Pu-241 wi10? 682107 30610 7.4210° 3.36 10 «2010°  12410M 131107 2.23 10
Y110% 276107 21410 31810 1.43 10°¢ 1.78 10° 9.15 10"  6.02107 1.34 10
Pu-242 w110? 3.0210° 94510 164107 1.61 10 2.0110° 879 100  7.18 10" 1.11 10
Y110° L1410° - 435100 307 10 6.25 107 7.81 10° 371 10" 286107 192 10*
Pu-243 wi1i0? 3es10M 632100 191 100 158 10° 186107 482 o 43310t 4ss ot
y110® 167100 215100 227 10 s7710M 65310 L3 o 46910 4dd et
Pu-244 w110? 299 10% 333 10" 1.63 10° 1.59 10 198 10° 1.82 10* 713 10 1.09 10
Y110° 11310 2.07 10" 3.03 10* 6.19 10° 7.69 107 1.27 10°* 2.84 10° 7.82 10°
Pu-245 w110? 333100 9.7710"% 129 10° s60 107" 3.6810 605 107 49610 331 10"
y110° 306107 80910 140 10° 2.16 to°M 12810 39810 5T 10 3.5510"
Pu-246 w110 7741070 211107 248 10¢ 2.40 10° 2,08 10° L2310M° - 6.01 107 592 10°
y110° 53410 18710 309 10 728 10M 592107 11310 550 10° 5.79 10
Americium ' '
Am-237 w110° 707107 815101 416 o L33ot 374000 8T 100 297101 64710
Am-238 wii0? e1sioft 22010M  7.80 o0 326100 405107 1.80 10°%2 155100 23210
Am-239 w110° 22610M 622107 475 10 27410 190107 287 joi? 172100 12410
Am-240 w110? 280101 126710 1.06 107 27110 210107 4.24 10" 6.34 10" 496 10"
Am-241 . W 1107 3.2510° 2.67 107 1.84 10° 1.74 10* 2.17 107 1.60 10°° 7.82 10° 1.20 10*
Am-242m W 1107 321 10" 1.38 10° 4.20 10 1.69 10 2.1210° 564 10" 748 10° 1.15 10
Am-242 w1 10° 1.9410° 294 10" 5.2010° 1.3210° 1.65 107 25210" 854107 1.58 10
Am-243 w110° 3.2610° 1.52 10° 1.78 10° 1.73 10° 2.1710° 8.29 10° 174 10° 1.19 10
Am-244m w1107 4.3610" L1510 10810 256 10 320107 113107 1.31 10" 1.90 10°°
Am-244 w1107 1.06 107 1.60 10" 201107 6.00 10° 7.4710° 9.67 10"  3.3410° 4.47 10"
Am-245 w110® 131107 304107 0 125 10 se610M? 62210 301 o 2810 21810
Am-246m w110° 65210 663107 578 ot 2431007 22410 6.38 o 280100 9.0210M
Am-246 w110° 1091072 893107 112 o0 3gaiot 3e3ot 175 o s4s10M LTLeM
Curium .
Cm-238 wi10® 117107 21610 873 10° 548 10"  6.5910° 2.03 107" 30710 1.4410°
Cm-240 wi10? 3.01 107 83210  7.5110% 1.82 10° 2.2710°% 793100  9.92107 217 10%
Cm-24! wii10? 7.71910° 28810 9.01 10" 4.1710* 513107 18610  21510% - 397 10
Cm-242 w1107 570107 944 10"  1.5510° 3.90 10 4.8710° 941 10"  24510% 4.67 10
Cm-243 w1107 20710° 6.29 107 1.94 10° 1.18 10° 147107 3.8310° 5.76 10°% 8.30 10°
Cm-244 w1107 1.5910° 1.04 107 193 10° 9.38 10° 1.17 107 1.01 107 4.18 10° 6.70 10°
Cm-245 w110? 33710° 6.69 10° 1.80 10 1.79 10 2.24 10° 3.68 10° 7.96 10° 1.23 10
Cm-246 w110 3.3410° 4.00 10° 1.82 10° 1.78 10* 2.22 10° 2.26 10° 7.94.10° 1.2210%
Cm-247 w110° 3.0710°% 223 10°% 1.67 10° 1.63 10°* 2.04 10° 1.45 10 7.30 10 11210
Cm-248 w110? 1.2110% 1.07 10°¢ 6.65 10’ 6.52 107 8.1210° 471107 2.89 10* 4.4710%
Cm-249 wi10® nioioM 21210 751107 626 oM 1710 205100 31 1ot s2210M
Cm-250 w1107 6.9010* 8.49 10 3.80 107 3.7110? 4.61 107 3.7110° 1.65 107 2.54 107
Berkelium
Bk-245 w110? 181100 358107 476107 70510  7.6010° 175 10" 86310 119107
Bk-246 wW110? 25510  6ea 10t 774 10 37910 3.6010° 34710" 4731070 4.63 10"
Bk-247 w1107 3.4310° 6.28 10? 1.88 10° 2.64 107 330107 4.60 10° 4.54 10° 1.55 10
Bk-249 w110? s4210* s2710M" 119 10* 6.46 107 8.07 10¢ 4.18 10 1.10 107 3.75 107
Bk-250 w110° 383100 51210 818107 330 10? 41110°* 4171007 7.08107° 204107
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Tabie 2.1. Inhalation. Cont'd.
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Committed Dose Equivalent per Unit Intake (Sv/Bq)

Nuclide Class/f, Gonad Breast Lung R Marrow B Surface ‘Thyroid Remainder Effective
Californium '
Cf-244 w10 L7310 21810 157 10° 1.34 10 1.65 107 218 10" 3.0310" 2.68 10”
v 1107 44510t 121 o 20210° 36310 452100 120 o2 774100 264107
Cf-246 w1 10? 828107 59710  9.45107 7.85 107 9.74 107 59710 233107 1.61 10”7
v 110° 9.8610'¢ 352 oM 1.30 10 8.84 10° 1.10 107 3s010" 604 10° 1.62 107
Ci-248 wi1it0? 17510¢° 1.05 10” 1.83 10°% 1.67 10°% 2.08 10° 1.03 10? 38310¢ . 1.2010°
Y 110° 398107 1.59 10 9.6710° 3.61 10% 45110 140 10°  7.83107 13710°
Cf-249 w1107 3.4410° 2.29 10° 1.96 10° 2.66 10* asz10? 1.83 10° 4.60 10 1.56 10
Y 110® 13110° 1.37 10% 3.59 107 1.04 10° 130 10° 1.08 10° 1.85 10° 1.03 10
Cf-250 w110? 13410° 6.3710° 2.05 10°% 11710 146 107 3.79 10° 2.38 10° 7.08 10°
Y1107 4.4910% 4.06 10° 1110 396 10°% 4.9510% 228 10° 8.11 10* 5.5710°
Cf-251 ‘w110? 351107 9.25 107 1.94 10° 2.70 10 338107 6.3710° 4.66 10° 1.59 107
Y 110° 1.3410° 5.63 10° 360 10%  "1.06 107 T 133100 3.76 10” 1.88 10°3 1.05 10°
Cf-252 w1107 54310° 6.56 10° 374 10°% 5.50 10° 6.86 107 3.38 10° 1.33 10° 3.7010°
Y110° 1.0910¢ 6.1210% 299 10% 1.10 16° 1.37 10 3.20 10° 2.73 10 42410
Cf-253 w110° 4.8010° 9.18 10" 394 10° 4.96 107 6.19 10 9.09 10 1.27107 7.68 107
Y 110° 43310° 72310"  68210° 41010% 512107 649 10" 1.06 10° 8.43 107
Cf-254 w110° 45210° 2.63 107 3.3710* 4.69 10° 5.82 10° 1.40 107 1.26 10° 685 10°
Y1107 430107 2.48 107 6.44 10* 3.07 10* 3.60 10°* 1.24 107 1.35 10 79310%
Einsteinium
Es-250 w110° 246107 143107 4.00 10 215107 268 10° L1210 44010 130 10
Es-251 w1100 185101  9.0110% 406 10° 1.27 10? 1.5710° 528107 40110%  1.28 10”?
Es-253 w110? 5.0910° 78410% 634 10% 5.18 107 6.47 10 783107 1.39 107 1.07 10
Es-254m w110? 81010° 46510 891107 7.25 107 9.01 107 4010 217107 1.51 10”7
Es-254 w110? 1.5710% 3.72 107 1.83 10° 1.51 10° 1.88 107 2.44 107 3.50 10 1.1110°
Fermium
Fm-252 w110° 7.0410° 567107 631107 6.38 107 7.87 107 56710  1.8010° 114107
Fm-253 w1107 7.5410° 110107 9.20107 1.66 10 9.57 107 105 1070 2.06 100 156107
Fm-254 w110? 705100  23810™ 108 107 451 10° 5.36 107 23810"°  1.29 107 157 10°
Fm-255 w110? 1.83107 549107 523107 1.4210* 1.72 107 548107  6.3810° 721 10°
Fm-257 w0 589107 1.29 10* 221 10% 6.15 10% 7.69 10°% 1.22 107 1.58 10* 6.32 10
Meodelevium
Md-257 wi10? 125107 354 10" 6ss10t 1.27 10* 159 107 348 107" 334107 1.55 10
" Md-258 w110 471107 1.50 10° 1.42 10° 4.66 10° 582 10° 1.24 107 1.13 10°* 4.4710*




TABLE 2.2

Exposure-to-Dose Conversion Factors.for Ingestion

Explanation of Entries

: For each radionuclide, values in SI units for the organ do

se equivaient conversion factors,
hy.so, and the effective dose equivalent conversion factor, hg so, based upon the weighting
factors set forth on page 6, are listed in Table 2.2 for ingestion.

The bold-face entry for & radionuclide indicates the factor used in determining the ALI for

ingestion in Table l.2.
The fractional uptake from the small intestine to blood (f}) for common chemical forms of

the radionuclide.

The tissue dose equivalent conversion factor for organ or tissue T (expressed in Sv/Bq).
i.c., the committed dose equivalent per unit intake of radionuclide. '

The effective dose equivalent conversion factor (expressed in Sv/Bq), i.c., the committed
effective dose equivalent per unit intake of radionuclide: :

hgso™ 2 Wrhrso -
T

To convert to conventional units (mrem/uCi), multiply table entries by 3.7 x lﬂ.l

As an example, consider the factor for breast for ingestion of C-11:

= 298 x 107! Sv/Bq
% 3.7 x 10° = 1.1 x 107% mrem/uCi.

' hlmm.io
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Committed Dose Equivalent per Unit Intake (Sv/Bq)

Nuclide f; Gonad. Breast Lung . R Marrow B Surface Thyroid Remainder Effecuve
Hydrogen
H-3 10 17310 1.73 10" 1.73 10°" 1.73 107" 1.73 10" 1.73 10°M 1.73 10" 1.73 101
Beryllium "
Be-7 s10° 567100 6.97 10" 1.41 1012 1.23 10" s03 10 6.08 10" 5.83 10! 3.45 101
Be-10 510 242100 24210 242 107" 72310 215107 242 10" 3.66 107 1.26 10°
1.29 10° LLI wall
Carbon ) :
C-11 1.0 34110%% 29810 3.09 1o? 3as 10t 30310 297 102 3.54 1017 329100
C-14 10 5641010 564107  5.64 100 56410" 564100 564 10° 5641070 5.64 107
Fluorine .
F-18 L0 497100 6361017 6.54 100 sseatott 602107 45210  7.03 to! 3.31 101
. 28710 ST wall
Sodium
Na-22 1.0 281107 2.8 10° 2.51 10° 4.29 10° 5.54 10° 2.50 10°° 3.18 10 3.1010°
Na-24 10 343107 271107 26010 374 10 468107 26010"° 531 10'° 384107
Magnesium .
Mg-28 5100 8681000 27210 1961070 9.24 101 1.4910° 1.68 107 5.7810° 2.18 107
Aluminum
Al-26 1102 30110° 645107 376107 135 10° 97110 312107  9.4710° 3.94 10?
Silicon '
Si-31 1102 114101 805107 755 10 83310M 15810t 7.2010M 486 100 1.46 10"
Si-32 1107 117107 117 100 1L1710M° n1710% 117100 L7 10 1.69 107 5.90 10°°
6.21 10° LLI wall
Phosphorus
p-32 810" 6.55101° 655107 655 10°  8.0910° 7.87 10 6.55 10" 2.6710° 23710
P-33 g 10" 93710 9.37 10°" 9.37 107" 4.99 10" 1.3210° 9.37 10" 32210 24810
Sulphur . ’
S-35 g 10" 7.63 107" 7.63 10°! 7.63 10" 7.63 107" 7.63 10" 7.63 107" 22510 121107
1100 953107 9.5310"7 953 (012 95310 95310t 9.5310M 639 10" 1.98 10°°
223 10”° LLI wall
Chlorine B
Cl-36 10 79910 7991070  7.99107°  7.99 107° 799107 79910  8.6110™°  8.18 1%
Cl-38 1.0 87510° 85210 8.76 107 g1210°7 75410  7.06 10" 192107  6.36 107"
. 896 10" ST wall
Cl-39 1.0 106 10" 1.02 10" 105100 9.7810"  89310'  82110% 1.4210% 496 10"
62310 ST wall
Potassium '
K-40 1.0 s50710° 4.89 10° 4.85 10° 491 10° 4.88 107 4.85 107 5.18 10° 5.0210°
K-42 1.0 213107 20810 207107 208 10'° 207107 20610  53010™  3.06 10
K-43 1.0 18010 1.65 10°° 1.70 10°'° 1.78 107'° 1.68 10°'° 16210 289101 20810
K-44 1.0 519107 51710 555 1012 46910 40810 365 1072 1.44 10 4.67 10"
. 6.6510" ST wall
K-45 1.0 333101 . 348107 37710 313100 265101 2161017 9.26 o 3.0t 10"
42110 ST wal
Calcium
Ca-41 3100 2711007 319100 284107 178107 4.01 107 284 1012 27410V 3.44 107"
Ca-4$ 3107 5.36 107! 5.36 10°"! 5.36 107"} 3.47 10° 5.23 10° 5.36 107! 8.40 100  8.8510
Ca-47 3100 7.46 100 22610 1.54 10°'° 1.49 10° 4.07 10° 1.38 10 4.06 107 1.76 10”
Scandium
Sc-43 1104 L1710 18110 638107 27310M 936 1012 644107 5671000 206107
Sc-44 1104 20010  3.4010" 1.26 10" 4.81 10" 1.68 10" 1.51 10012 1.08 107 387 10°%
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Table 2.2, Ingestion, Cont'd.

o,

Committed Dose Equivalent per Unit Intake (Sv/Bq)

Nuclide fy Gonad Breast Lung R Marrow B Surface Thyroid Remainder  Effective
Sc-44m 1104 17010 201100 3asi0tt 338 10 L1410%0 - 460101 764107 279 10°
Sc-46 1104 20110° 25110 486107 403 10° - 139107 769107 3.78 10" 1.73 10”7
Sc-47 1104 L1210 2110t 162 o aziet o roret L9 w?  19010° 6.04 10°°

’ 6.14 107 LLI wall
Sc-48 110¢ 20410° 274100 598107 4261070 146 100 8911077 44710° 1.96 10°
Sc-49 L10% 12510 38010 25010 445 10" 192101 43810 227 10 68010
Titanium .
Ti-44 1107 47010° 254100 235107 304 100 256107 2.31 10! 13010% 62510°
Ti-45 110° 68410"  LIS10M 462 107 164107 5761077 5.60 10" 469107 162107
Vanadiom
v-47 1107 681107 226101 184 o 256101 105101 165 10 149107 473107
: 454 10" ST wall
V-48 11020 273107 354 10%  7.5310M 593107 237 100 192107 49910° 2.3210°
V-49 110% s3210M 227100 223 10 34610% BI810M 232 100 52410 1.66 10"
1.84 10" LLi wall
Chromium
Cr-48 1100 33110M 501 10" 196 10" 93810 41610 140 10" 4491070 2.40 107
1107 347100 4130t 79110 84l 10" 286 10" 202101 474 10 24710"
Cr-49 1100 L1010 321101 240 102 4151017 169107 280 o? LS00 4950
1107 L1110t 3le10t? 233 102 41210 161107 201 {iadd 1.5310° 498 10°M
Cr-51 1100 400107 751101 4.38 o2 rastwot 78610M 371 102 81510t 39810
1102 3961071 449101 9.47 o 8s5210M 319100 426 1w 91710t 39310
Manganese . :
Mn-51 1100 L16107 334101 246107 405 10" 1.8010" 346107 236 10 7.51 10"
Mn-52 110" 274107 455100 204101 7591010 422 10 1.0410% 387107 2.05 10°
Mn-52m 1100 778 10% 336101 3061077 336 102 153100 34410 152 100 488 10"
51810 ST wall
Mn-53 1100 209100 1.SS10M? 15310M 2.8 1o 22510 1621017 6281007 29210"
Mn-54 1107 948100 2771070 2291070 489 10 sT7110% 1.33 10" 1211070 7.48 10°**
Mn-56 1107 8.5310" 176 10" 88010 243 10" 106 10" 2401077 784100  2.04 10"
Iron
Fe-52 1107 637107  1.0810" 41310 1.59 10°  6.5210" 1.95 10" 4.3710° 1.51 10°
Fe-55 1100 10710 1.0410% 102107 105 10 1.05 100 110107 30010  lLed 107"
Fe-59 1107 1.66 10" 73710% 63510 845107  6.61 10 603107 3.5610° 1.81 10°
Fe-60 110" 3.5110° 3.1510% 3.14 10 3.30 10°* 3.06 10 3.06 10°¢ 6.04 10* 4.1210°
Cobait
Co-55 s10t 172107 110100 30710M 168 o e1210M - 95710 313107 1.18 10°
3100 62710%° 12010 6.06 107 166 10% 82110 42310 247 10" 9.46 10°"°
Co-56 5107 3.4710° 618101 30410 870107 432 1o 23210 5371070 2.73 107
3100 393107 1.6110? 1.41 10° 1.88 10” 1.44 107 1.3210? 5.68 10° 3.4110°
Co-57 s10° 183107 41010 289107 884 10ft 49210 193 10" 44210"  20110"
3100 294107 1581070 1631070 2.67 e 21210 L15 107 539107 32010
Co-58 5107 1.04 10? 17910 8.5310" 260107 1.25 1010 63110 1.58 10” 8.09 10°°
310" 1.08 107 4501070 405101 5401070 40710 3.64 10 1.65107 9.68 107"
Co-58m 5100 471100 sesS1OV . 4s110M 122 10 659100 40510 769107 246 1!
3100 ss210M 27310 2581077 315 o 257100 24110 638107 2.8 10"
Co-60 5107 3.1910* 1.10 10° 87710 132107 939101  7.8810%°  49710” 2.7710?
3100 123107 5.08 107 4.96 107 54910 481107 4.68 107 1.06 10 7.28 10”7
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Table 2.2, Ingestion, Cont’d.

i,

Committed Dose Equivalent per Unit Intake (Sv/Bq)

Nuclide fy Gonad Breast Lung R Marrow ‘B Surface Thyroid Remainder Effective
Co-60m s107 193100 735101 705101 917100 562 5 332100 321108 970107
3100 35010%¢ 23310 230 oM 25410 20810 1.86 10 321108 98210
136 10" ST wall
Co-61 5107 43610°7 872100 476 1" 202101 149107 141 1o 23210 T 10M
3107 4641077 157101 124 1017 26510 150107 9.03 10? 21410% 660 10V
Co-62m 5107 51610% 234101 228 o 21210 10310 261 108 9.61 10" 3.10 10"
3100 5101017 236101 231 o 213100 Losi0t? 297 1o 95610 - 3.09 10"
' 35610 ST wall
Nickel
Ni-56 5107 1.6310° 236 100 7.86 107" 381100  1ss10%  s24 10" 1.8310° 1.05 10°
Ni-57 5107 103107 14410 368107t 222107  8.05 o 10710 234107 1.02 10”
Ni-59 s10? 38310% 35810t 35010 366107 362100 39010 1.0310%° 56710
Ni-63 5100 8s010M  gso10"  sso10"  ssolot  ssoiot 850 10" 320100 1.56 107
Ni-65 5100 243107 563100 275101 726 o2 289100 67910 532107 168 10"
Ni-66 51027 679101 203 10" 1.46 10" 24410 1.69 107 1.34 10" 1.07 10° 3.24 10°
344 10° LLI wall
Copper
Cu-60 5100 136101 585107 532100 581 107 284100 920100 1551070 521 w0
49910 ST wall
Cu-61 5100 54610 15210M 109107 192 ot Lot 725104 32810 148 10"
Cu-64 5100 478 107" 1.59 1071 1.28 10°Y 1.94 107" 1.39 10" 113 101 3.5710° 126 107"
Cu-67 s100 11810 62910"  se410" 813 10" 63610 55210M  9.84 10 35510
Zinc
Zn-62 5100 300107 10710 87010 20410 16510  7.76 107" 2.84 10? 9.85 107"
Zn-63 510" 896101 341107 2921077 3.87 o2 207107 92310 1.85 10  59210M
: 56310 ST wall
Zn-65 5100 3.56 107 3.28 107 3.08 10° 4.50 107 4.50 10° 3.21 107 4.59 107 3.90 10”
Zn-69 5100 417107 41710% 41710 536 o sas10tr  ar7iot? 79110 2.40 10°"
Zn-69m 5107 1.2310"° 44210 363107 915 10t 72710 32810 999 10%¢ 385 10"
Zn-7lm s10t 11910 32610M 230 10 ase10tt 30910 15910 6.62 10 24310
Zn-72 510" 1.0810° 4461070  37410'° 889 10%° 119107 3.64 10°  3.20 107 1.49 10”?
Gallium
Ga-65 1107 252102 1231017 1.23 10" Lo 10%? 5881t 102100 770 1o 24210
28910 ST wall
Ga-66 110° s29010%  76510"  22710M LI310% 39910 364107 3.80 10 1.30 10”?
Ga-67 1107 1.ss10®  p7010% 238107 4.4 o 140101 24310 549107 212 10
Ga-68 1107 19510"  4s610M 279101 581 1017 21810% 261100 2861070 924 10
Ga-70 1107 3.1310% 1.06 10*  9.40 107" 109 10 49310 10710 675 10! 2.03 107"
25010 ST wall
Ga-72 1100 85210% 91 3as10tt 179 1010 e2310M  a9s510M 331107 1.25 107
Ga-73 1107 46210 651100 19310 117 10t 39410 193100 8811070 279 10"
Germanium :
Ge-66 10 36910  33110% 33610 st . 32stot 32310t 1.08 10 568 10"
Ge-67 1.0 271100 325101 364107 309100 263 10 21710 L1010 3s210M
5.09.10" ST wall
Ge-68 10 242100 223100 2281070 23310 225 100 22210 42210 28910
Ge-69 1.0 74410M 67510V 68610 720107 665 10t es910t 172100 1.01107
Ge-T1 10 19410% 181101 17510 188107 186 100 21010 4311017 260100
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Table 2.2. Ingestion. Cont'd.

-
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Committed Dose Equivalent per Unit Intake (Sv/Bq)

Nuclide fy Gonad Breast Lung R Marrow B Surface Thyroid Rematnder Effecuve
Ge-15 1.0 430100 431101 433 102 434107 4291017 424 102 146 10% 25410
) 32910 ST wall
Ge-77 10 ss210f 82110t 830 v ses10t 82110 7.87 10! 3.21 107 155107
Ge-18 10 28210 27410 276 ot 2st10tt 26910 2.62 ot 175100 g ot
5§89 10" ST wall
Arsenic .
As-69 5100 426100 L7110M 156 10* 1.86 102 Lo3 100 52210 11§ o 36210
424 10" ST wall
As-70 5107 46810 1.50 10°"! 1.15 10" 168 10" 81910 337 o2 31910M 113107
As-T1 5100 3.0610M 79110 584 ot L1210 703100 470 't 9.8210° 40710
As-T2 5100 640100 1941070 148 100 23810M 1631010 128 100 4.66 10° 1.64 10
As-T3 st 478107 37810 374 ot 42010 40210 392107 538 100 191107
As-74 5100 625107 2581070 231 100 3041070 . 23610% 203 10 2.6510° 1.07 10°*
As-16 s1ot 216107 1091070 98310 1.20 10 1021010 93510 435 10° 1.41 10°
As-T7 si00 273100 242100 239100 246100 241 ot 238 10" 109107 344107
3.18 107 LLI wall
As-78 510" 3.07 10°" Lot s9210M 12710t 8.05 1017 5601017 563107 181 107
Selenium ’
Se-70 g 10" 4.00 10°! 1.78 10°" 1.56 10°" 1.99 107" 1.35 10°" 1.0210" 264107 9.67 107
5102 6.54 107" 14210 746107 18810 7.04 1043 1071012 390107 139 107
Se-73 810" 1.07107 533100 507107 6.46 oY 508100 41610 483 100 1.96 107
5100 2271010 32810 107101 55510 198 10" 29110 1.21 10° 4.34 10
Se-73m 8107 9.04 10 459107 439 107 5441077 422100 343 02 62010 23010
5107 1.8110" 285100 L131012  ass10M? Les10M 253 10°"3 121107 41910
Se-75 g 10" 1.8010° 1.4510° 166 107 2.067 10° 1.70 107 1.13 10° 468 10° 2.60 10”
5107 59210 14110 110 100 24310 14310 704 10" 847100 47210
Se-79 8100 906107  9.0610%  9.06107°  9.06 10 9.0610  9.0610° 573 10 2.35 10°
5100 566100  S6610M  5.6610" 566 10" 5.66 107! 5.66 107" 1.04 107 3.51 10"
Se-81 g10 218100 207100 207100 - 207 ot 2.01 10" 197 10" 53010 1.60 10'"
s102 321100 1.5310M 144107 167 0% 9.3410" 45210 5.6S o 1.70 10"
2.1710"%* ST wall
Se-81m g10° 321100  30210%  30010M 309 102 30110M 29510 1.28 10 40510
5107 57810 180107 135 10 28110 151 10" 83010M 1.88 10 S.6710°"
Se-83 8100 846101 469107  45810M C 46510 2991012 1.87 10 10210 34710
31910 ST wall
$102 940102 36010 317 10 376 101 1.68 107 3.69 107 133100 43510
Bromine
Br-74 10 827100 87310  9.7810M  7.88 10" 64a10M 552101 149 10 505107
63410 ST wall
Br-74m 1.0 15710 1.62 107! 1.76 107 1.53 10" 1.33 10°" 120 10M - 23510 sa6 10"
1.01 107 ST wall
Br-75 1.0 1.5210" 1.54 10°"! 1.65 107" 1.61 101 1.46 107 1.32 10! 1.28 10 49410
. : 526 10" ST wall
Br-76 L0 317100 27410 276107 288 10 2n2100  27310° 539 10 3.66 10
Br-77 10 79510t esol0t 7210 799 oM 72310 671107 1001070 824 !
Br-80 1.0 79810 828107 849100 814 0" 79110 7P soeri0t 158 10"
249 10" ST wall
Br-80m 10 39410  3s1t0t 39310 399 ot 39510 3.90 10" 1.56 100'®  7.45 10"
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Table 2.2, Ingestion, Cont’d.

Committed Dose Equivalent per Uhnit Intake (Sv/Bq)

Nuclide 1 Gonad Breast Lung R Marrow  B.Surface Thyroid Remainder Effective
Br-82 10 44810 381100 384 100 41410’ 380107 383 100 58010 46210
Br-83 1.0 1351017 134100 735 o 73510 133100 7.33 10?7 65410 247107

29710" ST wall
Br-84 L0 615101 662100 699107 621 o7 ss610M 520107 1481070 491 w0t
68210 ST wall
Rubidium E
Rb-79 10 274101 340100 38610 329 02 28710M 220107 8ss 10t 279 10"
388101 ST wall
Rb-81 10 21210 20110 211 ot 25610t 29310 18s 1ot 7.9210" 39110
Rb-81m 10 282100 263100 272101 338 1012 392100 251107 144107 635 1ot
. 57910" ST wall
Rb-82m 1.0 80Stot  1s810t 774107 9.07 10"t 88410t 69910 1.86 10" 11210
Rb-83 1.0 198107 1.73 107 1.79 10° 2.61 107 3.0210° 1.74 107 2.1710° 2.08 10°
Rb-84 1.0 2.5210° 2.29 107 2.29 107 343107 4.41 10° 2.29 10° 2.79 10”? 2.70 10”
Rb-86 1.0 21510° 2.14 107 2.14 107 3.712 107 6.86 107 2.14 107 233 10" 2.53 10?
Rb-87 1.0 134107 1.14 10° 1.14 107 2.02 107 380107 1.14 107 1.17 10? 133 107
Rb-88 Lo 278100 282100 291100 276101 275100 243 10?  1sol0t 47100
: 73210 ST wall
Rb-89 1.0 332100 33810% 368107 353 102 419107 22110M 80410 265 10
36310 ST wall
Strontium i
Sr-80 310" 43010 L2610 944101 L5S10M 735 102 50910 987100 31210
1102 441 10" 89410 4T 1ot 120 10t 437100 565100 1.08 10° 338 107"
Sr-81 3100 13210 382107 292100 485 102 22510 734100 179100 585 1001
1107 1.46 10" 357107 2441077 4.66 101 18110 22710 1.88107°  6a4 10"
Sr-82 3107 1.56 107 79510 70910 490 10° 6.69 10° 69510  1.5510% 6.04 10°
1107 12210° 162100 445107 392100 299100 259100 207 10 661107
7.10 107 LLI wall
‘Sr-83 310" 38710  7.6510" 41510 15310  24010™  33010" 1.3110° 533107
1107 4881070 61510 1.31 10" 1.0110%° 404 10" 2.63 1072 1.75 10° 6.70 10°**
Sr-85 3100 62510 2531070 206 10° 597 10° 6061070 205107  7.31107° 534 1071
1107 58210 73410 1.67 10°! 1.30 10 569 10" 8141077 756107 403107
Sr-85m 310" 5.2210M 1.29 100 82110 223101 155107 272100 14s10M 62310°B
1107 563101 n1610% 611107 192 10 713108 537100 15210 6.46 101
Sr-87m 3107 204 10" 413107 22510M 612 o 258101 92010 83010 3a710M
1102 23410t 3871012 15310 61010 20110 1.62100 94710 38810
Sr-89 3107 240107  2.4010"° 24010 323107 4.81 107 24010 611107 2.50 10”
110% 80510% 798107 797107 1.08 10° 161107 79710%% 825107 2.50 10°
2.89 10 LLI wall
Sr-90 310t 1.5110° 1.51 10? 1.51 10° 1:94 107 4.19 107 1.51 10° 6.14 10° 3.85 10°
110 504100 504107 50410 645107 1.39 10 504 10"  6.70 10° 323 10°
Sr-91 3100 21010 49810 30510 1.08 100 7.90 10" 2.41 10" 1.98 10° 6.74 10"
1102 2481070 35710 98110 553 1o 2.02 10" 1.90 1072 254 10° 8.39 10°1*
Sr-92 310" 801 10" 269 10" 1.89 107t 38710M  2.a1310M 1.35 101 1.37 10° 4.43 10"
1102 s1810M L7010 722100 22910 849107 130 w2 172107 54310
Yttrium
Y-86 110¢ 121107 1681010 427100  25610°° 88110 608107 256 10° 1.14 107
Y-86m 1104 69410 96810 24710 15010 515 10 335100 150100 66110
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Table 2.2, Ingestion, Cont'd.

Committed Dose Equivalent per Unit Intake (Sv/Bq)

Nuclide f) Gonad Breast Lung R Marrow B Surface Thyroid Remainder  Effecuve
Y-87 110+ 697107 78410t LIS ot 13810%° 460107 144 1o 151107 ess 1ot
Y-88 1104 256100 3181070 674 ot S0510% 178100 114 ot 285100 162107
Y-90 1104 14310M 127100 126 o 370100 367100 126 1 9esto? 291107

a6 10* LLI wall
Y-90m P10 sa110M 862100 319 ot 137100 470100 3.00 ot saL1e™ 19110
Y91 L10* 354100 ssan0t 202 o 659100 61310 129 ot ss1i0? 257100
3.0210° LLI wall
Y-9im 1104 694101 184107t 128 o 224100 smet L7 ot 29210" 120t
Y-92 110% 19610" 355 17 139100 491 o LSt LT o 11010° 515 10"
Y-92 110* 22010 313 101 867101 . 493 1% L7 102 126100 409 10! 1.23 10"
Y-94 110# 361101 137 o 12510 133 101 60710 134 !t L1t 533 1ot
64110" ST wall
Y-95 P10 112100 585101 555 o 497100 252100 680 o sesiot 27510
375107 ST wall
Zirconium
Zr-86 2107 116107 137107 23610 230 o 78910 390 1o 231107 1.04 10°
Zr-88 2107 5281070 736 1ot 24110 158 10 13010 106 ot 780100 403 107
Zr-89 2107 934100 L1107 227 ot 18910% esTiot 362 o 215100 9210t
Zr-93 2100 92310 197 ot astet 742 W 9.1410” 73110" 283100 448 10"°
Zr-95 210° 81610 105 10 23410 2.4 100 486100 827 o2 253107 1.0210°
Zr-97 2107 62210 812 o 176 10 130 10° 45510 2.66 o 69810° 2.28 10°
Niobium .
Nb-88 D10t 3ssio 213100 23410 186 o eario® 22210 74l 10" 24010"
29010% ST wall
Nb-89 1100 80610t 14210 604 ol 20110 7651017 8.56 ot g3s 1070 27730
22m
Lb-89 110° 509 10" 106 107 590107 1.4 1ot 539100 6.19 100 381101 131 10
66 m
Nb-90 1107 135107 18710 sa210t 291 10 1091070 9.1 o' 350107 1.46 10”
Nb-93m 1107 33410 257 1ot 24510 232 1ot s98 10t 2.4 1012 425107 141 1010
1.47 10" LLI wall
Nb-94 11027 1.8010° 34710 172100 139 100 765101 1.23 10" 4.3010° 1.93 10"
Nb-95 1100 8.0510%  1.07 100 27410 199 10  29410" 118 10! 1.47 107 695 10"
Nb-95m 1102 93010M  10610M 282 2 33310t anott 163 o' 19710° 62210
6.4710" LLI wall
Nb-96 1107 1.19:10° 159 100 36510t 254 1% 91310t 637 10 3.0510° 1.27 107
Nb-97 1107 14510t 3.30 10 198107 420 1o 16010t 2101 R 19410 630 1o
Nb-98 1102 319101 BA4S 10 s7310 997 10 396101 638 1" 302107 102 10
Molybdenum
Mo-90 8100 24210 112 o 11210 LIS 10 1.8a10® 782 10" 69010 327 107
s10? 621100 83910t 237 10" L3710 s3710M 7.04 o2 1.7710° 7.19 10"
Mo-93 g10° 127107 99610 1.06 10 28210M 115107 94210" 779107 3.64 10
510 2.5410M 678101 6.63 o2 p9710M 122107, 589 ot 17410 65210
Mo-93m g100 142107 603107 548 ot 168 10" 57010 3.64 ot 30910 15610
510 3.3510M  s7810M 198 oM sa010t 30810t 412 o2 722100 32210
Mo-99 g10t 22110M 183107 193 10" 533100 7691070 1.64 10 20810° 8.22 10"
5107 21810 34310 L5t 1ot 83210 632 o™ 103 10" 428107 1.36 10°
. 1.3710° LLI wall
Mo-101 10" 3461017 19210 191107 192 1o 11510t sse10t 870 jo? 278 10"
32410 ST wall
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Table 2.2, Ingestion, Cont'd.

Committed Dose Equivalent per Unit Intake (Sv/Bq)

Nuclide . fy Gonad Breast - Lung R Marrow B‘Surfaee Thyroid Remainder  Effective
Technetium
Te-93 g0t 34610M 148107 121 1ot 1e010"  lo4l0tt 978 o sai0t  43710"
Te-93m g100 12310 521 100 434107 570 101 366100 424 ot as3tot 200 ot
Tc-94 g10" 125100  5.08 10" 43410 5877 o 3839107 484 o' 298100 156 107
Te-94m g100 17410% 824 101 1611077 863 102 565107 1.94 o 207100 787 1"
Tc-95 g100 Li4l0t  aT3Ot 412 ot ssiiet o 3e7iet 371 10° 221101 126 ) (i
Tc-95m g100 317107 173107 167 o' 20310 163107 796 o 715100 393 10"
Tc-96 §10° 699101 1335100 304 10 38410 291 oo 155107 1.27 107 7.45 107"
Tc-96m g100 611101 294101 2.67 o' 335101 254100 199 o 11510t 861 10013
Tc-97 810" 1.6810" 1.01 10! 1.02 107" 1.27 10 1.17 10" 177107 10710 463 ot
Tc-97m g0t s7s10M  s2210M 524 10" s4s 10t 537100 144 10”? g.54 1070 336107
Tc-98 §107 7261010 461107 454 100 5081070 42610 354 10? 218 10? 132107
Tc-99 810" 60410"  60410% 604 101 604107 .6.04 10" 1.62 107 1.02 10° 395 10"
Tc-99m g10t 97510M 357101 3.14 107 62910M 406101 846 o't 33ai0" 16810
Te-101 8100 629100 40610 413 108 43610M  2ss1ot 389 ot 36610t Lieot
150107 ST wall
Te-104 g100 473100 272101 270 1012 2621017 Ls9101 279 ot 1010 satot
’ 62610 ST wall
Ruthenium
Ru-94 5100 425107 857101 424 10 L1s1ot 42910 6.66 1o® 266100 937100
Ru-97 510% 238101 263107 643 108 52510 193 10" 3221077 389 10 18810
Ru-103 s10? s7210M 12010 731 101 16610 963107 62510 210 10 8.24 107"
Ru-105 5102 9.6710" 159 10! . 621107 23510 8.89 1012 182100 854107 2.87 10
Ru-106 5102 1.6410° 1.44 10° 1.42 107 1.46 10” 1.4310° 1.41 107 211 10° 7.40 10°
7.09 10° LLI wall
Rhodium ] '
Rh-99 s10° 6931070 1041070 437 10" 18210  s1710" 3910t 129 10" 6.08 10"
Rh-99m s10? 82210 L3t 10" 46410 20110 L1310 873100 1713101 Com ot
Rh-100 5107 11110° 1.56 10 a48 10" 237 o' 87310 1.43 10" 1.7310° °  8.56 10"
Rh-101 5107 647107 2621070 243 10 404101  31210% 209 o 1o’ 6.26 107"
Rh-10im 5107 32410 38110 .06 10" 71710 275 104 60110 56410 2.67 10
Rh-102 5107 3.54 10° 1.50 10 1.31 107 1.83 10° 1.41 107 1.28 10? 4.19 10" 28210°
Rh-102m 51027 7.8410M° 2941070 249 1% 3571000 274107 235 10 314107 1.27 10°
9.69 10? LLI wall
Rh-103m 5102 40210M  86510M 493 108 1.01 10 529101 3.27 10" 104 10" 304107
Rh-105 5102 s58010"  89710" 386 1012 14710M 615107 291 o? 1.2710° 3.99 10°1°
37910°  LLIwall
Rh-106m 5107 1.3010M  26210M 126 oM 3so10t 13010 194101 438100 17410
Rh-107. 5107 1241017 48010 416 10" s8s10M 251100 396 10" sas1om 1.63 107"
: 18710 ST wall
Palladium
Pd-100 510° 143107 160 107° 27710 300107 103 100 459101 244 10" 1.16 107
Pd-101 510° 104100 L2710 301 o 21910" 131107 3T 10" 26810 11210"
Pd-103 s10° 41310" 1581017 128100 658 12 2001017 44010 672 e 21310
232 10” LLI wall
Pd-107 s10° 99110 991107 99110 536 107 143100 99110 135 10% 404 10"
47210 LLl wall
Pd-109 s10° 79010%7  62710" 149100 204 10 102107 94810 195 10? 587 10"
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Table 2.2. ingesuon. Cont'd.

Committed Dose Eguivalent per Unit Intake (Sv/Bq)

Nuclide fy Gonad Breast Lung R Marrow B'Surface Thyroid Remainder  Effective
Silver
Ag-102 510 s2s10M 278100 282 o 257100 12400 286 1o s3e ot 1Tsiet
3.00 10" ST wall
Ag-103 510 14810 3.52 101 2181017 AT PR TR T X ) [ 10 40210
Ag-104 5100 52710 1.25 10" 7.68 10°"° 1.85 10" 598 1072 9.26 107 147107 62210
Ag-104m 510% 18310 463 1012 299107 565 ot 221100 3ss 1ot 130107 485 10"
Ag-105 5107 64310 Ll 1o 9.56 10" L7710 79510 200 10" 1.13 10° 55210
Ag-106 5107 301107 LI8 101t 106107 - 127 102 sa46 10 9s4l0tt 720 ot 228 10"
. 24210 ST wall
Ag-106m 510% 259107 384107 192101 5.83 10 22910 392 ot 3151070 1.75 10°
Ag-108m 5107 193107 514101  6.0310%°  6.63 1010 3551070 130 160 4.4410° 2.06 10°
Ag-110m s10° 29910° 1511070 830 101 9.4210M  49310M 181 00 60810° 292107
Ag-111 5107 3.58 10" 109 10" 8840t 138 o 967101 748 10 45110° 1.3710°
' : 1.48 10° LL1 wall
Ag-l12 5107 44410M 889 10°7 430 o2 1910t 486 o2 13t 14210f 4.41 10"
Ag-115 s10° 3931007 LI3 102 8.8810" 134 o ss3ot 12910 139 1010 43110
) 41310 ST wall
Cadmium
Cd-104 5102 62510 LiTioY 49110 164 ot 58810t 137 1o 143107 63010
Cd-107 s10° 10510 Loi 10 328100 242 10 81110 200 v 21510 676 107
Cd-109 S10° 346107 3101070 317100 370 0 328107 275100 11010t 353 10°
4.08 10° Kidneys
Cd-113 5107 375107 3.75 10° 3.7510° 3.1510° 3.7510° 3.7510° 1.48 107 4.70 10
. 6.16 107 Kidneys
Cd-113m 5102 3.4410° 3.44 107 3.44 107 3.44 10° 3.44 107 3.44 107 1.37107 43510
: 5.64 107 Kidneys
Cd-115 5107 3.1710%  44a 10t 16510 74010 3.06 ot 94910M  48110° 1.54 10°
1.50 10° LLI wall
Cd-115m s10? 184107 1661070 164 10 168107 164107 1.6l 1o 14210% 437107
Cd-117 s10° 874107 1.60 10°" 6.68 1077 23710 8.83 10" 1.56 10 91710 3.03 107'°
Cd-117m 5107 208107 36310 14410 s2410™ 1.91 10°" 28310%° 851101 321 10"
Indium
1n-109 2107 73410 116 jot ar010% 19810M  7.06 10" 60010 1771070 .64 1o
In-110 2100 372101 60010 21010 86910 3.05 1o 306107 567107 286 10"
69.1m
ln;HO 2100 315101 73510 449 ot 933l0M 357100 5.06 o 277100 93910
49h
In-111 2107 415107 43710 835 10 1es10™ 3730t 210 0% 7.8010%° 359 107
In-112 2107 508101 265100 266 ot 2s810M L9t 228 10 207101 646 1012
' 798 100" ST wall
In-113m 2107 9.5810" 186101  9.25 o 282101 102100 9.97 jo 837100 28310
in-114m 2107 249 107 13210 123107 351107 1.81 10° L1710 134108 4.61 10"
436 10° LLI wall
In-115 210? 4.8610° 4.86 10° 4.86 107 1.53 107 791 107 4.86 107 6.41 107 426 10°
In-115m 2107 220107 3610 1.03 o2 610 219100 186 oV 28810 933t
In-116m 2107 319107 864100 573 1012 10110t 404 o 707100 160107 593 1 {al
in-117 2107 782100 215100 1.54 o 288100 L1210 138 10" 16810 259 oY
In-117m 2102 219107 3601077 134 o e3tier 223100 212 101 36110 115 10"
In-119m 2107 87410 34210 301 oM 37010 LTTI0M 499 100 958100 288 (e
37010 ST wall
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Table 2.2, Ingestion, Cont’d.

—
3 Committed Dose Equivalent per Unig_lﬁke(ivlnq)
Nuclide f Gonsd Breast Lung - R Marmo¥ B Surface Thyroid Remainder  Effecuve
o
Tio i 2 2] 10
Sn-110 2107 213100 306 ot sesiott 486 ot 1zt 150 1?1610 41310
Sn-111 2107 142100 158 otz 9gs ot 223 w2 97010 106 ot ses 10t 198 wh
Sn-113 2107 388107 568 ot 2s410tt 178 oo 234100 216 ot 232100 833 10"
’ 791 10" LL] wall
Sn-117m 5107 22310 239 ot ssoiot? 103 ot 4810 303 ot 237100 197 100
17.94 107 LLI wall
Sn-119m 2107 4ot 105 ot 9.2010M 807 ot 18210% 889 woi? Liei0? 376 10"
404 10° LLI wall
Sn-121 5107 200100 200 o 200100 223 it st 200 ot 809100 244 100
- . . 236107 LLI wall
Sn-121m 2100 4310t 295 ot 29010t 232 0 61210 286 ot 11810 41 10
44710" LLI wall
Sn-123 2107 3s010" 322 ot st 241 o 66210 313 ot 13510 22 10°
289 10° LLI wall
Sn-123m 2107 16210 425100 290 w? 7.72100 298 101 238 w* 9.sTiot 293 10"
Sn-125 2100 28810 44l ot 16010 Jog101  23810°° 978 o 10710* 33 10”?
367100 LLI wall
Sn-126 2107 241107 79610 599 e 2712107 5.06 16”7 sspy0t 1.3 (ad 52710°
Sn-127 210% 9.2110" 17510 198 w2 248 10" 103 10" 120 107 601 o 21010
Sn-128 2107 5.0010" L1010 634 ot 149 10" 55710 683 o 439 10 149107
Antimony
Sb-115 1100 5.96 o2 202 1017 1.66 107 228 10" 955 o 16810 57210 195 (gl
1102 602100 201 o Leaiott 228 o? 93610% 145 o sasiet 196 | { ai
Sb-116 1100 476 10" 21810 210 1ot 2.08 o2 9.67 o 2291070 5.64 107" 1.90 10"
19110 ST wall
L 10? 478107 218100 209 102 20410M g6210M 221 o s.6s 10! 1.90 10"
191101 ST wall
Sb-116m 1100 50210 1.27 10" 8.22 1012 1.56 10" 625 101 1.10 10°%2 1.6210% 662 o
1107 sa12i0 12710 8.05 o sttt 600 1017 894 100 164 o 6010
Sb-117 1107 149 1O 2136101 9.26 1o s0310t 200107 1.65 o 50910 201 10"
1107 15510 2341012 8.14 o s0410M 1671017 635 ot 52810 208 10°"
Sb-118m 1100 285 o0 sS04ttt 193 et 73610" 284 ot 4sriot? S 1010 24410
1102 3.0010™ 5.06 10" 17510t 147 ot 26210M 248 1072 837 1ot 25610
Sb-119 1100 3sTi0Mt 280 o2 11410" L1310t 204 ot 9.s1et 261 e 89710
1102 38110t 211 102 184107 9.06 101 401 o't 94510 284 o' 96210
Sb-120 1107 1001012 497 ot a9riot 493 o 226100 44810 301 ot 94910
15.89 m 11210 ST wall
1102 10110 495107 488 o 49110 223100 413 o 30210t 951 1043
. i 11210% ST wall
Sb-120 1100 203107 20810 104 100 5.0410" 289 107 5.57 ot 216107 1.46 107
5.76d ) 1.1210* ST wal
1102 218107 273100 5.66 ot 470107 169 10%° 122 ot 296107 1.54 107
11210  STwl
Sb-122 1100 34910 629 w3210t 14510 9.62 ot 24010 569 10”? 1.83 10°
1.80 10° LLI wall
1100 359107 454 ot 993 i 79010" et 327 o2 620107 1.97 107
19710 LLI wall
Sb-124 1100 174107 321 10%° 165 100 61610 79910 118 1o 68110° 2.6510”
1100 118107 23010 540 o 381 109 189 e 17610t 734 10? 274
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Table 2.2. Ingestion. Cont’d.

i,

Committed Dose Equivalent per Unit Intake (Sv/Bq)

Nuclide fy Gonad Breast Lung R Marrow B Surface Thyroid Remainder Effective
Sb-124m 1100 1581077 sss10t 479 10" - e3sio®  3Triet 6.t o LIswot sss ot
: $§3710% ST wall
1107 160101 537100 455 101 se010M 260107 429 10 L7710t se110P
Sb-125 110" 52410 1001070 6.03 10" 226107 5861070 462 1o 186 10° 7.59 107"
{107 s2110% 62210 1.36 10°! 121100 9.0510% 558 102 19910 757 10"
Sb-126 1100 273107 4171010 166107 7231070 517 10 10510 629107 276 10°
1107 289 10° 353100  68510" 593 1o 2271000 L1740t 677 10? 289 10°
Sb-126m 110t 524100 20710 191 104 21810% o1l 199 o 1200 25310
. : 2.64 107 ST wall
110% 529102 206107 1.88 0 216101 9530t LT3 o 79410 28410t
. 264 10" ST wall
Sb-127 110" 588107 976107 438 10" 21110M 150107 316 o't 5.3910° 1.81 10
. 1.79 10 LLI walt
1107 6.1410%  7.60 10" Ls7 10" 1331010 52410t 464 104 s.8710° 1.95 10°
1.96 10° LLI wall
Sb-128 1100 392100 215100 227 102 19710 95910t 212 1o? 47010 1.59 10°"
104 m ' 1.63 107 ST wall
p10? 393100 215101 227100 197 o 9sTiot 200100 470100 159 10"
1.6310" ST wall
Sb-128 110t 4s310" 722100 270 10" 1171070 524107 Lo 321100 1.1310°
9.01 h 163107 ST wall
1100 4781070 681107 1.91 10" 1.06 107 3731071 301071 349 10 1.19 10*
16310 ST wall
Sb-129 1100 1461070 274100 . 122 10t 40410 195 101! 44510% 138107 4.61 10"
110° 151100 256 107" 9.39 1072 3.67 10" 1.34 10" 1.47 1012 1.45 107 484 10"
Sb-130 110" 3.10 10" 887107  6.60 10° 1.04 10" 430107 794 o 222100 77710
1102 31410 882100 649 1012 104107 420107 6.66 o® 223100 78310
Sb-131 L1t raziott 37910 3.07 10 418 10™? 201101 9.08 1% 16710 sas 10"
1100 L1310ttt 37310M 3.00 1012 41110 184107 9.0710% 169107 821 o™
Teliurium
Te-116 2100 L1210 23110M nnett 322 1ot 141107 405107 528 10 196 10"
Te-121 210" 600101 13110 8.03 10 291101 4291070 701 10 7.5010" 45410
Te-12Im 5100 723100 507100 448 e 3.7710° 274 10° 44010 162107 2.08 107
Te-123 2100 316101 274107 263 107 231107 281 10°¢ 1.99 10" 37010 1.1310*
Te-123m 2100 27510%° 12610 110 1w 233100 2.4110° 9.44 10" 1.42 10? 1.53 10"
Te-125m 2107 1271070 464 ot 43610t 12110° 127100 393107 140 100 99210
Te-127 2100 402107 300107 289 100 6571077 6.46 10 2.86 1012 613107 187107
Te-127Tm 210" 125101 97410t 9.62 10"t 543107 2.07 10 943 10"  29810° 223 10°
Te-129 2100 159107 605100 491 o 764100 S4010 336 10 179107 S4510M
Te-129m 2100 241107 166100 159 10 350107 199 10° 1.5710"  7.0810° 2.89 10”°
Te-131 5100 LSTI0M 496107 339107 6.60 1017 3691077 421100 3731070 244 10°
Te-13tm 2107 7.38101°  1.3510"° 626 10" 24210M 324107 429 10* 3.07 10° 2.46 107
Te-132 2100 541107  35010"  3.30 10  44410'° 830107 595 10° 1.49 10° 2.54 107
Te-133 2100 18510 12310t 122 102 11810 173100 939 10® 60510 47310
Te-133m 2100 36810 Lislot 833101 13 1ot e61 107 417107 289107 226 107
Te-134 2100 20310 13710 1.29 107! 1.49 10" 12310"  88210" 96510 6.63 oM
lodine
1-120 10 24610 249100 261107 242 ot 22110M 345107 29210 2,08 101
1-120m 1.0 22010 23310 25310 219 10" 1.87 10" 1.26 10? 269107  1.34 10"
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Table 2.2, Ingestion, Cont'd.

-
—

Committed Dose Equivalent per Unit intake (Sv/Bq)

Nuclide fy Gonad Breast Lung R Marrow B Surface Thyroid Remainder  Effecuve
1-121 10 43210  S9910M 591100 583 0 sa1210t 137100 3a010t 53910
1-123 10 56110  7.23101 666107 8.68 107 7651017 442107 201 10" 14310
I-124 10 S6710M L7210 144107 125 0%  L1stoc® 282107 22010  8.6010°
1-125 10 29310"  14510'  4o0s10" 682 10" 663107 344107 sg010" 104100
1-126 10 Sssiot 21210 172107 150 100 138100 636107 21510 192107
I-128 L0 13910"  La1o® 147100 1431007 139300 108 160 67110 24300

328100 ST wall
1-129 10 138107 331107 165107 221 10 2171010 248 10%¢ 199 100  7.46 10°
1-130 10 ss210M 73210 7a810M 674 1t 61210t 3s410° 197101 128 10°
I-131 10 4.0710M 121107 102107 9s4al0M 872101 476 107 1.5710%° 14410°
1-132 10 233100 2.5210% 264107 246 o 21910 387107 165107 18210
1-132m 1.0 14510" 1S40 1s7T10M 1S4 ot 14210 369107 721310 1e210"
1-133 10 36310 46810M  4s3i0f 430 1ot ce0710"  9.1010° 1.5s 100 2.30 10
I-134 10 L1010 L1710t p26i0t p09 10" 932 107 62110 134107  6.66 10"
I-135 10 36110 3ssiot 37sq0t 3esioft 336 e Lm0t 1.54 10°  6.08 107"
Cesium
Cs-125 10 330100 37010M  40810% 367101 324100 280 10 se910 196 10"
24910 ST wall
Cs-127 10 15010 1.3410" 146107 166107 148 oY 12010M 36410t 212100
Cs-129 10 sa210"  assiot  soo10  62910" 565 oY 43210 13010" S89 10
Cs-130 10 1731017 202107 22410 195107 1M 102 1491017 anoeM  1ssoM
21510" ST wall
Cs-131 10 612100 s26100 62210 99610" 896107 486107 664 10" 66710
Cs-132 10 52410° 427100 449107 506107 4601070 433100 584 10 s1210"
Cs-134 10 20610° L7210°  17610%  18710°  L7410° 176100 221 10t 19810°
Cs-134m 10 672100 628100 6421017 69110 657100 622100 289 w1330t
1.1510" ST wall
Cs-135 1.0 191107 1.91 107 1.91 10" 1.91 10? 1.91 107 1.9110° 1.9310° .. 191107
Cs-135m 10 530100  57610M 6451077 542107 439 o2 38410" 37310 150 107V
Cs-136 1.0 304107 2.65 107 2.62 10? 2.95 107 2.71 10? 2.74 107 3.5210* 3.04.10°
Cs-137 1.0, 13910° 1.24 10° 1.27 10° 1.3210° 1.26 10* 1.26 10° 1.45 10 135 10°¢
Cs-138 10 80010' 800107 85310 737100 647 o2 s 1s710% s2s ot
7.01 10" ST wall
Bariem 4
Ba-126 1100 43110 9as10'  so0810M? 12810 501 108 113100 7.7010%° T 2.46 107
* Ba-128 P10 7981070 1.0410M°  3a910M 225100 1.2210%  19010" 866 10 284107
Ba-131 1100 523100 63010 L6910 1471070 1.80 10 937100 L1110 498 10°%
Ba-13lm 110" 65510  p4asioM? 98710 27710 219100 115 o 10110" 3281072 .
3.6110" ST wall
Ba-133 1100 7.3310%° 273100 21910°° 146 107 1.9710° 20310 143107 9.19 107
Ba-133m 1100 65510"  ss410% 36110 27910 27010% 288 102 181107 5.66 107
. 547 10”° LLI wall
Ba-135m 110" 52410% 674107 271910 21010 12510t 219107 147107 4.60 10°%*
Ba-139 110 156107 S1710% 38910 859101 4381007 266 o 35710 10810
Ba-140 1100 99610 159100  66310% 439100 5531070 525 10" 137107 2.56 107
_ 2.64 10° LLI wall
Ba-141 1100 2861017 122100 L1010% 14710 127100 225 10" 18410  S6510M
Ba-142 1107 988100 252100 167107 300100 124100 271107 8.89 10t 30110
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Table 2.2. Ingestion. Cont’d.

I,

Committed Dose Equivaient per Uhit Intake (Sv/Bg)

Nuclide f; Gonad Breast Lung R'Marrow B Surface Thyroid Remainder Effective
Lanthanum .
La-131 1107 L3910t 3.05 101 18110 443 108 163101 1ssiot 915 ot 322100
La-132 1100 240107 37710 130 ot sseiot 193 " Ler10M 11910° 430 107"
La-13$ 1100 33si0t 291 1 273100 996 10" 268107 179 10 88110 3.66 107"
La-137 1100 18210 15510 22510 705 ot 215100 5.23 107 276100 123 10
La-138 1107 150107 47910  S6110M 753 1070 1.39 10° L80 10%°  3.1410° 1.59 10”°
La-140 1107 1.3410° 1.80 100 40110 281 100 97710 640 1o 6.26 107 228 10"
La-141 110° 3.7710% 7.07 1o 272100 1071012 60610 529 o 124107 37410
La-142 1107 6.99 107" Ls4 10! 840107 193 1o 7.4010"  L16 101 52010 179 10
La-143 1107 L7010% 249 1o 10710 444 10" 156 100" t2610M 124 w37t
) 3.94 107" ST wall
Cerium .
Ce-134 3104 661107 748107 11810 140 o0 assiot 1setott 870107 281 10°
2.78 10° LLI wall
Ce-135 3104 823107 1021070 215 ot 17210 sS40t 256 104 230107 9.37 107
Ce-137 310¢ 17110 156107 21210 5.28 1002 1431077 8.87 1o 1ssiwott 279 10"
Ce-137m 310% 9.59 10t .61 1012 68510 276 ot 76610 633107 1.88 10 594 10"
570 10” LLI wall
Ce-139 3104 257107 24210M 356 10 14310 33710 449100 7.69 10 3.0910"
Ce-141 310¢ 1.0810% L1110 1431072 3.3910M 2.30 10" 18010 2.5010° 7.83 10"
8.64 107 LLI wall
Ce-143 3104 212100 232 o 3s210M  s0710 1.61 10 43s10M 389 107 1.23 107
1.1710° LLI wall
Ce-144 310* 6.98 107" 210" 652101 892 ol 128 10" s.1s10" 1.88 10 5.68 10°
6.64 10°* LLI wall
Praseodymium . . .
Pr-136 310 34310M 181107 184 1012 L70 102  80810% 174 108 691 107" 223 101"
285 10" ST wall
Pr-137 3104 15010t 295101 158 101 44910 15610 14510" 112 o' 38510
Pr-138m 3104 L1310t 21510t 100 ot 29710M 10610t LI 1007 3.40 10 1.39 107
Pr-139 310 18210"  24910% 737 101 492107 156 jo'r 68710™  98siott 352 10"
Pr-142 3104 20210M 30810 797 o 46710 172 o' 12810 4M 10° 1.42 10°
Pr-142m 310¢ 25910% 39010 96! 101 se610M  2a910M 158 1% 60210 1.81 10"
Pr-143 3104 89910 109107 191 0" 103101 103107 266 10® 422107 1.27 10"
. 1.47 107 LLI wall
Pr-144 3104 7.3810M 33810 315 10 32210 Ls21o0™ 35910 1.05 10 315 10"
40910 ST wall
Pr-145 3104 203100 313100 9.86 10 49810 180 10 r2110t 139 10° 4.18 10"
Pr-147 3104 1791077 8.15 o 79410 86010 397 100 696107 6.74 10" 2.10 10"
256210" ST wall
Neodymium .
Nd-136 310% 3.6310" 836107 486 o LI2107 441077 486 10? 27910" 962 10"
Nd-138 310° 126100 182101 5.65 100 29310 9.8 10 sss 10 217 10° 6.89 107"
Nd-139 310% 469100 112101 759 1o 15510% 583 o esTioM 480! 1.63 10"
Nd-139m 310% 25810™  38510M LIS ot e2610M 21010t 143 1012 704100 294 10
Nd-141 3104 S.8310° 901 o 32010 1871077 583 100 24010 244 ot 91810
Nd-147 3104 1791070 187107 244 1ot soesiot 222100 264 1w 376107 1.18 107
1.28 10° LLI wall
Nd-149 3104 160101 296101 138 1o sor10t? L7410 L4 10" 40310 126 10
Nd-151 3104 313107 938100 793 o L4102 assiot 732 1w 61010 213 o
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Table 2.2, Ingestion, Cont’d.

Committed Dose Equivalent per Unit Intake (Sv/Bq)

Nuclide f Gonad Breast Lung R Marrow B Surface Thyroid Remainder Effective
Pm-141 310* 34s100  L19 o 101100 13910 571 1o 90510t 79710 253 10
: 27310%® ST wall
Pm-143 3104 387100 440 100 eo110M 92310 416 ot Ls6 107 539 e 271910
Pm-144 3104 179 107° 21710 48510 386 1° 15610 9.65 1wt 213100 1.17 10”
Pm-145 310* 80610 725 o astiof s3010t 197 100 45210 312 0'° 12810
Pm-146 3104 88610 1201070  46010" 276 o 192107 L1910t 235107 991 )
Pm-147 310% 68610%  745107¢ 196107 . 209 ot 261107 342100 9os10n 283 "
31710? LLI wall
Pm-148 3104 47210  6iriet L9107 985 ot 349 10M  18s10r 932100 294 10"
. 3.0 10¢ LLI wall
Pm-148m 3104 218107 2591070 44s 10" 441 o 174100 647107 475100 207 10”?
Pm-149 3100 909100 102100 62100 227 i 9seio? L1810t 3se10”  LO7 10°
. 1.14 10° LLI wall
Pm-150 310 79710 15210 654 o2 21310 163100 807 1P 81410 27010
Pm-151 310¢ 211100 24210 423 1012 49410 16210 4551010 249107 8.09 10"
Samarizm
Sm-141 310% 364100 153100 143100 163 ol 747100 L3110 s4s ot 270 ot
_ , ' A 29510 ST wall
Sm-141m 310% 13410 431107 345 1012 sor10M? 206100 331 107 161100 33t
Sm-142 3104 22210M 49710 290 102 672101 24610717 264 100 539101 169 107"
Sm-145 110¢ i.6110% 124101 180 102 66610 83310 161 109 6451010 246107
Sm-146 310* 0.0010° 0.00 107 0.00 10° 1.5710° 9.46 10”7 0.00 10° 5.89 10° 5.51 10°
Sm-147 310* 0.0010° 0.00 10° 0.00 10° 6.8710° 8.59 10”7 0.00 10° 53710 s.0110¢
Sm-151 310¢ 21210 103 10 es210M 276 10" 345107 327107 3.04 10 1.0510°%°
. 1.01 10” LLj wall
Sm-153 3104 717100 69110 113 o’ 27210 838100 236 o4 262107 8.07 10
8.18 107 LLI wall
Sm-155 3104 sis1000? 177100 LSt 1o 333100 139100 628 1% 63710M L9310
23110% ST wall
Sm-156 310% 642100 1.57 19‘" 1.44 1072 1.66 10711 5.68 102 1.48 100 8.5410' 276 [ ad
Europium
Eu-145 110° 129107 LS8 1070 313101 27110 9.57 10t 47810 176107 9.12 107"
Eu-146 1107 21910”° 26810%° 501107 450107 152 10 127100 295107 1.54 10°
Eu-147 1100 s8110° 65210 112 10" 1.41 10 61510 1.9 102 1.2010° 536 107"
Eu-148 110° 236107 286100 567100 496107 182 10'° 99410 282107 1.55 10”
Eu-149 1100 11810 10410 157 w2 3g910tt 26710 217 o 29110 132410
Eu-150 1107 17210 214101 474 100 423100 1451077 539 1o 133107 4.05 10"
1262 b
13-::-2150 110° 190107 44310 41010 102107 111 10? 1321000 322107 1.72 107
2y
Eu-152 1100 133107 28510 240107 91910 209 10 6.66 10 392107 1.75 107
Eu-152m 1107 71610 10210 278 o2 L7210 5871077 3.49 o L1’ 540 10"
Eu-154 1107 137107 279100 216100  1L1510? 4.46 107 s70t 632107 2.58 10?
Eu-155 1107 9.8310% 144101 9.64 12 156100 1.29 107 178102 109107 413 10"
Eu-156 1100 122107 1L§210% 32410 256107 116 o 523107 7.04107° 2.48 10°
Eu-157 1107 12310 144107 274 1002 33010M 106 10" 269 10" 207107 6.59 10"
Eu-158 1107 1210 321100 224100 37T 17 151107 247100 243 10 77110
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Table 2.2, Ingestion, Cont’d.

™

Committed Dose Equivalent per Unit Iatake (Sv/Bq)

Nuclide f Gonad Breast Lung R Marrow ilSurface Thyroid Remainder  Effective
Gadolinium .
Gd-145 310¢ L1a10% 364101 289 o 399100 LTM0R 329 o 9610 " 33610%
30010 ST wal
Gd-146 3104 88810 931100 L3t 1ot 24410 LIS 10 229100 284107 112 10?
Gd-147 3104 92610 L1210 211 ot 20210 6T210M 274 1o 155107 7.42 107
Gd-148 310* 0.00 107 0.00 10° - 0.00 10° 8.90 10°* 111 10 0.00 10° 498 10° $.89 10°
Gd-149 3104 sos10%  s3siot  2s110t L7 10 42410 8so10P 129107 5.4l 10"
Gd-151 310% 12210 104 10" 106 107 43010" 339 10" 103107 615107 22310
Gd-152 310 0.0010° 0.00 10° 0.00 10° 6.57 10" 8.21 10”7 0.00 10° .62 10° 434 10°%
Gd-153 310¢ 19710 18010 219 o so710M 19210t 218 107 84410 31710
Gd-159 3104 286107 318107 538 ot 792100 255101 485 10 176 10° 535 10"
Terbium '
Tb-147 310 9as10' 154 ot 636100 23210 8.6 o 70810 43910 16l [
Tb-149 310% 17110 28010 9.76 1o 43310 1.92 10" 12310 73910 2.7 10
Tob-150 310¢ 129107 22310 881 o2 320 Lzt 103 o2 198100 274107
Tb-151 310° 420107 s13i0tt 104 oV o010 32710 L7 101 919107 403107
. Tb-153 310% 23510 24110M 324 102 68310 218 ot 29410 73510 292 10t
Tob-154 310¢ 9.8910%° 132107 328 ot 21410 13610 5.23 10"t 1.66 10° 7.96 10
Tb-155 310¢ 19610  1.89 107" 194 10" 67010" 206 10" LI210P 612100 24410
Tb-156 310% 1.6410° 20010 36610 3.57 10 12110M 5321017 3.03 10° 1.40 10?
Tb-156m 310¢ 19510 21310 277 10 4.64 10" Ls410M  41210" 486107 204 10
234N
Tb-156m 3104 s8s510" 673107 1.02 107 12610 426101 155 10 246107 9a210"
50h
Tb-157 3104 - 645107 627100 307 P L2710t Lot esolott 897 1t 335 10"
29610  LLIwall
Tb-158 310% 94510 147100 7.57 ot asoiot®  1.6210° 204107 27310° 119 10"
Tb-160 310% 1.1710° 143107 27210t 254 10%° 157107 429107 490 10° 1.82 107
Tb-161 310% 640107 527107 377 1w 24710 1.47 10" 270 10" 25610° 789107
8.70 10° LLI wall
Dysprosium
Dy-155 3104 1761070 231101 5.46 0% 46110 150107 634 10" 34010™ 156107
Dy-157 3104 9.6310°" 12010M 2781077 25410" 808 1o 24510" - 155107 .60 10!
Dy-159 310% 9.9610% 830101 634 10" 42010 25310 6.22 10 29310 12010
Dy-165 3104 1671077 281107 LIS 1o 58410 194107 8.60 10" 32510 9.81 10"
Dy-166 3104 704 10" 69110717 648 1or 291 10" L36 107 40910M*  5.8810° 1.79 10
224 10° LLI wall
Hoilmium
Ho-155 310% 19810° 319101 1.28 10 570100 19410 L1710 9.5510M  3s010"
Ho-157 3104 346102 765100 517 WY 120100 48810 370 10" rariott s421em
Ho-159 310% 3.3810% 940107 7.01 10712 L6a 107 633100 38910M 188 10" 692100
Ho-161 310¢ 6281072  86010" 270 o 270100 809107 267 o't 38210 1.35 10"
Ho-162 3104 ‘42210 188100 1.82 10 240107 1.08 10" LIB10™ 694 10°F 227107
2.46 10" ST wall
Ho-162m 310% 14910 327100 185 10 S1610° 186107 176 o 70110M 26110
Ho-164 3104 311107 83410M 642 101 1.84 107 69810 499107 220 ot 67310
72710 ST wall
Ho-164m . 310% 13810' 276 10 163107 720100 245101 110 10 46410 Led 20
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Table 2.2, Ingestion, Cont'd.

Committed Dose Equivalent per Unit Intake (Sv/Bq)

Nuclide f, Gonad Breast Lung R Marrow B Surface Thyroid Remainder  Effective
Ho-166 310 135101 214107 393 o ser10M 2110t 4T ¢ sorie? - 1s110°
: 146 10° LLI wall
Ho-166m 3104 205107 348107 216 0 sa210% 235107 ss3ott 44 i0c* 218107
Ho-167 310* 316101 496 o2 Lp910? 8.7S 102 29510% 155 1o 26310 890 o
Erbium . .
Er-161 310¢ 815107 134 101 490100 233 ottt 115101 545 e 22210 926 10"
Er-165 3104 19110" 201100 281107 . 831 o2 236100 23010"  sasiott 223 w!
Er-169 3104 1.6210% 10910% 10910 561 OB 683100 10910 135107 406 10"
4.68 107 LLI wall
Er-171 3104 92610M 120100 290107 252 oM g2si0t 25410t 121107 391 10
Er-172 3104 s0s10M®  sesiot 98610 LI 00 3sa10t  13010% 329100 LM 10”?
' 1.13 10 LL] wali
Tholium .
Tm-162 3104 6241077 243 0 21610M 256100 LIS ot 232100 64310 218 1o
20310" ST wall
Tm-166 3104 354100 s2910" 159107 844 ot 289100 221100 7.4810°° 334 1 (g
Tm-167 3104 208107  20310% 220101 656 o 27310m 18stoP 187107 626 10
} ) 6.20 10? LLI wall
Tm-170 3104 956101 130101 486100 3.08 ol 4nal0M 407100 476107 143 10?
168 10°* LLI wall
Tm-171 3104 13810% 265107 pe010" 104 ol 120107 14810 37100 L6 10’
1.31 10? LLI wall
Tm-172 310° 321107 43210" 916 o2 71710 261107 147101 585107 1.85 10?
1.86 10°* LLI wall
Tm-173 310¢ 97210 12810" 322 o2 22210 739100 332 10" 102107 33710
Tm-175 3104 25010%7  1.0910% T 1.06 102 108107 so0610M  9.82 10 573100 1.83 10°"
2.00 10" ST wall
Ytterbium
Yb-162 310% 84710% 236100 165 w2 30510 12210 LT3 10" ssotot!  2.0510%
Yb-166 310¢ 1.24 107 142100 22510" 28510 942 ot 350100 2.56 107 T L4 10?
Yb-167 310* 1.3010°7 4131007 3.60 1o 787100 330100 119 1o 14910 801 g
Yb-169 310% 476100  47410" 487 o2 16610  7.3310" 368 1o 22110? 8.12 10"
Yb-175 3104 41310 4531077 647 107 99910%  62310M7 6385 10 155107 4.76 107°
514 10* LLI wall
Yb-177 310% 79110 153100 702 10? 24610" 93510t 758 o4 281107 868107
Yb-178 3104 408100 87610V 407 100 131100 469100 468 10 35210 107 10
Lu-169 310% 627100  8.06 10" 1.66 107" 15310  sa1910" 2351012 1.19 10° 5.49 10"
Lu-170 3104 152107 198 10° 45010 3.26 10° 112100 741100 259 {id 123107
Lu-171 310% 73610 851 10" 136 10!t 1.80 10 62310% 178 o2 188107 7385 10
Lu-172 3104 173107 21310 39510 381 10° 131100 57210 337 10? 1.53 107
Lu-173 3104 21510  23710" 283 107 94010" 146 100 73210 7411070 295 w0
Lu-174 3104 1.6810° 19710" 402 102 g7210" 308107 140 10 7.8510%°  3.0110%
Lu-174m 3104 L1110®  10710M  L17 102 s9110M 1.6410°° 241107 178 10? 57710
6.15 107 LLI wall
Lu-176 310* 68010 9.a410" 315 wt 831100 723107 21310 a49110” 1.98 10”?
Lu-176m 310 19610 26910M 758 1o 89710 288100 173 101 sIsi0t L713eM
Lu-177 3104 420100 443107 550 100 12110 107101 445 0% 189 10” 5.81 107
) 6.43 10” LLI wall
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Table 2.2. Ingestion, Cont’d.

I,

Committed Dose Equivalent per Unit Intake (Sv/Bq)

Nuclide fy Gonad Breast Lung R Marrow B Surface Thyvroid Remainder Effective
Lu-17Tm 310¢ 135107 143107 19810 36810t 430 10 "3se10t 523 10° 1.99 10°
Lu-178 3104 733100 25900 212 10 296107 . 127100 224 o Lo 3320

36710 ST wall
Lu-178m 3104 ags10M 181100 155107 241 o? 100100 L1310 ss3ot o 276 et
284 10 ST wall
Lu-179 310 436107 614100 L7100 120 ol2 40610 LSI 10 Ta9iet 217 10"
Hafnium
Hf-170 210° 60310 721100 1.34 10°" 14210 49410 210 10! 1.30 10° 57310
Hf-172 2107 55610 14110 9.0l oM 94910 614107 6.11 100 2.4610° 1.21 10°
Hf-173 2107 26310 301107 489 1o o210 27810M 456 o e3d10™ 2T
HI-175 2107 495107 539101 867 w2 14310 9ssiot 277 ot 11310 492 10"
Hf-177Tm 2107 35010% 846107 538 1012 133101 496107 407 1o 206107 74310
H{-178m 2107 359 107 1.10 107 75510  7.3910° 4.3710°* 738 100°  7.65 10° 568 10
Hf-179m 2107 11310? 124 10° 185101 293 1% 25710%° 406107 371 10° 1.46 10°
Hf-180m 2100 17210%° 23710 6.74 1042 44710 149 101 641107 481 10 198 10"
Hi-181 2107 66210 17010 1.29 jo!' 1.8510° 3861070  3.65 102 3.5310° 1.27 10?
Hi-182 2107 9.0110%° 73310 635 10 84710? 7.22 10° 5.00 10 226107 4.29 10°
HI-182m 2107 18310 415101 252 1017 623100 24910 220 o 11010 39310
Hf-183 210° 176107 368100 212 101 5531017 2541017 2.09 o 20010 68710
HI-184 2100 22510  283.10"  5.66 102 s2210M 1goi0tt 737 10" 17’ 582 10"
Tantalum
Ta-172 1100 13010 3861012 291 10 471101 192100 288 10" 12710 43010
Ta-173 1107 96310 1L33w0M 375 102 28310M 92210 379 oY 605101 21210
Ta-174 1107 148107 3251077 1.86 2 509100 184107 1.62 1o 1se 10t 82910
Ta-175 1107 252101 3sTioM 97 o2 66910 2.2210M L2210% 557100 245 10
Ta-176 1100 39210 616107 188 o essiet 33piott 279 jot? 83910% 37410
Ta-177 110° 75010  80510"%  8.56 107 325100 9.9210M  5.63 1o 32310 122 10"
“Ta-178 1107 59310 o110 42210M  19110" 642 o 32810M 200107, 7.93 1w
Ta-179 1107 60610" 594101 723 1o 27510 90010 274 1o 181101 739 10"
Ta-180 1107 7.6910" 83410 144 1" 19810 77410M 5109 o' 2.5010° 9.82 10"
Ta-180m 1107 1L7410M 20310 387 1" 7851072 233100 941 ! 178107 89010
Ta-182 1107 132107 1.68 101° 34710 3.05 100 1151070 9.08 101 454 10° 1.76 10°
Ta-182m 1107 85410 321100 286 wo? s1a10 231100 148 ot 23810"  7.50 10"
88310 ST wall
Ta-183 1107 349101 36410 481 o2 10210 4T310M 697 10" 4.5010° 1.46 10°
: 1.48 10° LL} wall
Ta-184 110° 39010  S54010" 143 10" 9210t 30810 1.69 107 2.1310° 7.60 107
Ta-185 110? 342100 730100 46810 {3910%  s3sioP?  28110% 179 100 s49 10
Ta-186 1107 197100 112100 117 o7 121007 sasiot 987 10" e6110" 208107
, " 26310% ST wall
Tuagstes
w-176 1107 132100 190107 4T3 1007 3.a3g 10" L1410 65410 3.09 10 13410"
3100 99510" 14610 410 won 26710 Las 10t 617 10 240107 103107
W-177 1102 s2310M 91101 385 10 1L70106M 580107 355 o 16610 67110
3100 43910" 803107 374 102 j4s oM 87100 367 10 1451010 s8210M
w-178 110 168100 L7610 209 10 ea2s1o0M 19010 235 jott 73910% 27510
3100 120107 145101 3.89 1w sso10M 380t 113 1012 540101 203107
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Table 2.2, Ingestion, Cont'd.

i,

Commifted Dose Equivaient per Unit Intake (Sv/Bq)

Nuclide f Gonad . Breast Lung R Marrow B Surface Thyroid Remainder Effective
W-179° 1100 90010"? 212 o 145100 4g010P 180 10" 1330t 19910t 274 o
3100 837100 205 ot 14510 4T3iot - 273 1o 16510 T 774100 264100
W-181 1107 733100 101 o2 62310 326107 103 ot s4100 231100 931 ot
3100 53610 746 107 3.5210" 486 o 45810% 139104 184107 1.74 o
W-185 110 87410 898 101 94510 164 107 490 10" .64 10" 1.79 107 5.38 107
63210° - LLIwall
3100 635107 87810%° 3.4 101 48310 147100 136 1 139107 42810
447107 LLI wall
w-187 1107 25910 322 10! 639107 5.89 1o 21210 770 1o 2.2210° 7.46 107"
3100 190107 244 1ot ssol0%?  s0910M 7.8 o 90010 164 10” 553 10"
W-188 1107 455107 4.84 107 sso10?  2.1710M 353 10t 107 10" 8.4110° 2.54 10?
30t LLI wall
310t 33110 557 1012 276 10" 3.25 100 952100 1421017 6.78 10° 2.11 10?
' : 23310° LLI wall
Rhenium
Re-177 g100 3761017 1721007 161 1012 226100 139107 248 oM 404 10" 146 10"
14210 ST wall
Re-178 g100 192101 L1210" 117 107 114107 | 634107 435 102 agsiot 15610
191 10" ST wall
Re-181 g100 13810 61210t 557 oM g1 1ot 6.06107" 1.55 107 576 10° 28110
Re-182 8100 1271010 54910 4T 1o 7.08 10°" 50710" 947100 .89 100 20110
127h
Re-182 g 10" 543101 256107 232 10 3331070 25410 377 10° 1.85 107 9.18 10"
64.0 h
Re-184 g10" 38310% 226107 216 e 27910M 223107 1.53 10° 1.16 10° 591 10"
Re-184m g 107 300107  20910°° 208 o0 262107 22410M  26110° 18310° 79710
Re-186 g10" 1.0010% 95410 9.53 oM 98910t 9.69107 479 10° 1.95 10° 7.95 10"
Re-186m 8100 20810% 19910 200 1010 211107 20610 281 10° 285107 1.08 10
1.06 10° ST wall
Re-187 g 100 394101 394100 394 10 39410 39410" 1.05 10" 6.64 101  2.57 108
Re-188 g100 83210  17m910" 775 oM 795101 18010 6.62 10° 1.93 107 8.31 10"
Re-188m §107 1.86107  1.6010"7  1.60 1012 1.74 102 1.59 102 1251010 4.46 10" 1.83 10"
Re-189 g 100 ss8110" 48710 481 o sig 10" 49210 3.48 10° 1.09 10° 467 10"
Osmium :
Os-180 1102 592107 19010% 161 1092, 227100 961107 145 ot assiot 14210
Os-181 110 7.80 t0°" 129 10" si3iof 21810 752 1017 62110" 2461070 986 w"
Os-182 1102 675107 80910 1.47 10" 1.65 100 5.4010°" 282107 152107 6.59 10
Os-185 110? 835107 125107 5.24 oY 216107 8910t 265 10t 116107 6.11 107"
Os-189m 1102 16910 12910 106 10 15710 1.18 10" 1.07 10 6.02 10" 1.81 10!
0s-191 1102 11810  15110M 506 10 48210 1.72 10" 340 10" 195107 6.23 10
' 6.61 107 LLI wall
Os-191m L107 67010% 826100 268100 277100 9.5 ot L7910 338107 104107
0s-193 1102 S1610" 662100 176 1013 1.46 10" si410"  87610" 287107 8.77 10°%°
8.47 107 LLI wall
Os-194 1102 275101 21610 212 10 2251010 24107 207 10 9.2410° 2.94 10?
3.06 10° LLI wall
Iridium
Ir-182 1102 1.0610%  22910M  LS1 o2 33410 1281017 1.49 10" 10310 345101
‘ 330 10" ST wall
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Table 2.2, Ingestion, Cont'd.

i,

Committed Dose Equivalent per Unit Intake (Sv/Bq)

Nuclide I Gonad Breast Lung R Marrow B Surface Thyroid  Remainder  Effective
Ir-184 1100 133100 23610 98310 desiot 127 1Y 120107 486107 18810
Ir-185 110 20810  28310" 72610 Se4 10t 187 oM 13610 785100 3.00 10
Ir-186 1107 62810  83410" 200107 147100 49610 319 107 131100 586107
Ir-187 1107 112100 148 10M 3601017 312107 10010" 496100 357 100 14210
Ir-188 P10 9831010  12510°° 291 10" 217100 74510M 569100 159 10 17310
Ir-189 1107 124107 136100 317100 482100 1se10M 161101 Bi6 10 284107

2.67 10° LLI wali
Ir-190 1107 1.66 107 1991010  43710% 392107 136100 13910 324 10° 1.47 10°
1r-190m 1107 674101 794100 164100 1581017 S4610  5.68 1% 21710 85410
Ir-192 1102 1.0310° L5110 654100 25410 L1110 37810 408 10 1.55 100
Ir-192m 1102 363100 155107 159107 221107 157107 106 100 BS310'° 423107
ir-194 1100 43310% 633107 217107 103 10" 41510 119 10 47210° 1.43 10
Ir-194m 1107 28310° 4S8 10 23110%° 716107 32710 12610 S8 10° 2.46 10"
1r-195 1107 496107 17610 29910M 22710 135 o8 46010 3.0310'° 92510
Ir-195m 1102 47010M 711109 2421017 140107 4.63 1o 29410 538107 176107
Pistinum
P1-186 1107 8.70 10!t 145100 s3a10t 23510t 799 2 643100 27610 110107
Pt-188 110° 83810 96010 19310  20610% 70710M  7.29 10 214100 8.96 10"
Pt-189 1102 112109 43100 3.2210"% 346 10" 1.09 10" 4381017 35910  1.43 10"
Pt-191 1100 30810  34110M 533101 95710M 298 107" 1.08 10°° 9971070 39410
Pt-193 1100 202100 29510 273100 335100 29410 297 107 10510 32110
3.6010"  LLI wall
Pt-193m 1107 1.6910%  22510M  90210M 71310 2621007 7.60 100 1.6210° 4.90 10°1°
5.40 10° LL1 wall
Pt-195m 110 9.76 10" 1.06 10" 20910' 399 10" 1.25 10" 1.11 10" 2.20 10° 6.91 10"
1.22 10" LLI wall
Pt-197 1107 1.49 10" 190 107 558107  ss581077  19110%7 332100 1.44 10° 4.35 10
Pt-197m 1107 467100 7761007 344100 18510% 628107  s9TIOM 277 100 | 8.46 10"
P1-199 1102 197100  so710M  36610M  70910" 27810 38010 9.5 10"t 29210M
Pt-200 1107 108107 15210% 398101 280107 980107 13310 423107 130107
Gold
Au-193 110" 897 10M L1710 35310 33510 1.18 10" 1.89 102 42210  1.56.10°"
Au-194 1100 63710 89010 2.69 10" 1.5510"° 59210 1.30 10" 1.04 107 5.08 107"
Au-19S 1107 1.3310°° 19810 9.0710M 629101  25610" 743100 805 100 2.87 10°%
Au-198 1100 343107 55110 244101 gs710" 40610 1.85 10" 344107 1.1410°
Au-198m 1100 621 10"  9.0010" 361107 18610 79310 269107 4.4 10° 1.44 10°
Au-199 1100 9.2110" L6310 862102 32710 15710t 723 1012 1.50 107 4.82 10"
4.80 107 LLI wall
Au-200 - 1100 32210 96710 698100  Li410%  sa610M 167107 17810 54610
Au-200m 1107 92910%  1.3210% 419107 21510 834 10" 1.99 107" 311107 1.22 10
Au-201 1100 341107 L3110V L1410? nstio® 7.0910M 20910M 556 10" 1.68 107"
19210 ST wall
Mercury
Hg-193 2107 419107 5S40 10" 14010 1S210M  48110M 235100 263 10 92310
1.0 L2310 1.14 10" 1.20 10" 1.78 10 1.58 107" L1010t 69810 .01 10"
4100 32510M 723100 a6610' 160107 822101 3531077 1.99 10 718 10"
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Table 2.2. Ingestion, Cont’d.

Committed Dosc Equivalent per Unit Intake (Sv/Bq)

Nuclide. f, Gonad Breast Lung R Marrow B Surface Thyroid Remainder Effective
Hg-193m 2107 361107 48310 120 1ot 9.5t 10 s 10t 253100 118 100 46s10M
10 719810 721 o 13t 104 o 90910t 73910t 310 0% 1%0 10"
s100 264100  Ses107M 332 1ot 9.82 ot sasiet 27310t 836 10'° 34310
Hg-194 210% 151107 00110 83110" 116 10? 94610  7.8510° 287 10° 1.66 10?
10 47310° 3.9510°% 378 10°% 6.04 10° 5.15 10" 4.5210" 1.51 107 7.8 10°
410" 19210° 1.58 10 1.51 10 24210° 2.06 10° 1.81 10° 6.04 10°* 1210
Hg-195 2107 61010 818107 211 10 192100 6.22 10" 45510 301 10° - 1.0910%
10 L7810 Les1ot 174 ot 26210M 23110 LT o't sesiot  3e410M
410" 46810 Liziot  7.3410M 218 10" L2ttt 614107 222 10 839 10"
Hg-195m 2107 241107 28610" 656 o2 eesiot 22910 304 1013 1.8210" 621 10"
10 13910 130107 132 10°  1.8710% 1681070 136 o 763107 330107
_ 4100 201101 66610 536 ot Liziete  17810M  s3o010t 1.37 10 496 10"
Hg-197 2107 82610 943101 - 215 107 353t 14 ot 127100 1T210M0 289 10"
10 etoto?t  se610f 588 1" 9s9t0M  8s4l0t  5.69 o™ 36310 156 10"
4100 74310M  2met 234 1wt s.81 10" 39310 22210 596 o' 21310
Hg-197m 210% 7.8910" 984101 271 1o 29410" oot 162 10?2 163107 5.14 107
10 781107 74310 755 10" L0010 92510t 73910 496 10 2.08 10"
410" 78310" 33410 294 10" s.54 10" 4.05 107 28210 11610 3.86 10"
Hg-199m 2107 2431007 el1110Y 417 107 st 43siot? 292 10"t 7.8310" 244 10"
1.0 19410% 20810 214 0 229100 2091077 174 102 473 10" 1.56 t0°"*
2.1810% ST wall
s100 23710 176100 617 10" L2910 62710 228 1o 746 10"  23310%
’ 2.1710" ST wall
Hg-203 2102 33010  saer10" 269 ot 93s 10" aetiot 215 10t 1o’ 6.21 10"
10 13710° 1.23 107 1.23 107 1.69 107 1.51 10° 1.29 10° 710 10° 3.09 10°
s100 7321010 512107 495 100 7.1510%°  61510' 5.4 10 374107 1.56 10°
Thallium
TI-194 10 146107 185101 217 101 1.90 1012 144 107 9.50 10V 1.65 107" 6.15 102
52910 ST wall
TI-194m 10 S0110% 610107 703 102 s9s10'?  4r010M 352 1o 15010t 265 10"
28310 ST wall
TI-195 10 874107 833107 884 02 919107 185101 6.43 10 soa10t  21110M
TI-197 10 9611017 893107 946 10t 170 1.0310" 78810  3.80 10" 182 10"
TI-198 10 S50710%  41810% 418 ot 469 10" 408 10" 3.65 10" 12210  6.86 107"
TI-198m 1.0 209 10" 193 10" 20210" 21710 1.89 to!! 1.6510"  9.58 107" 430 10
TI-199 1.0 1.3s10" 1.2210" 1.29 10°" 1.69 107! 1.49 10" L1210t 42010 221 o
T1-200 10 LSstof 134100 134 10 160107 141 100 127101 265107 | 182 10"
TI-201 10 61910  S4110" 578 ot gt 77610 5.9 10! 12110 81110
TI1-202 1.0 35310 298107 3.8 10 401107 353107 285 100 s3310' 398 107
TI-204 1.0 65710 65710 657 100 659107  6.59107° 657 101 1.4910° 9.08 10"
Lead
Pb-195m 2100 L1210M 3.2910% 249 107 450101 443107 364 100 67310 24510
Pb-198 2100 23910 121100 438 10 149 107" 1.30 10°" 1.65 1012 10710 44310
Pb-199 2100 49310" 1.06 10" 578 102 1.69 107" 1.23 10" 129 10 14310 601 o
Pb-200 2107 41410 66210 323 1ot 174100 360107 170 " 106107 46710
Pb-201 2100 184101 29310 12t 10t 65510 101 107 489100 432 1o 19210"
Pb-202 2100 5.76 107 6.45 10° 6.39 107 2.6310° 3.73 10° 5.88 10° 9.63 10” 1.05 10°
Pb-202m 2100 1631070 304101 142100 445 o 24710 4151077 332 10 1.5310% .
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Ingestion. Cont'd.

i,

Committed Dose Equivalent per Unit Intake (Sv/Bq)

Nugclide f, Gonad Breast Lung R Marrow B Surface Thyroid Remainder Effective
Pb-203 5107 244107  3esiot 177 ot 12110 334100 912 10: 6661070 29310
Pb-205 210t 22110 232 1ot 2.04 10 1.72 107 3.78 10" 2.17 10" 364 10%° 441107
Pb-209 210" s537108 837 wo? s37ie? 209 102 209 10" 5.37 10" 18810 57510
Pb-210 2100 125107 1.25 107 1.25 107 1.48 10 2.16 10° 1.25 10”7 1.85 10 1.45 10
Pb-211 210" 197 10" 1.91 101 190 10" 30710 1.60 10°%° 1.88 100" 410107 1.42 107"
Pb-212 210" 196 10° 1.67 10° 1.63 10° 1.51 10 1.66 107 1.62 10 1.51 10% 1.23 10°
Pb-214 2100 31910t 242 1ot 23210 112100 11010 2.14 107" 358 100 169107
Bismuth
Bi-200 5102 34010 751 10 480 10" 1.06 10"t 40310717 499 10" 135 100 49210
Bi-20! s10? 9.0310" L5210 61210 247 ot 860107 80610 3.26 10 12710
Bi-202 5107 899 10! 1.86 107! 968 10" 255100 9.37 10" L1410 224101 971 10"
Bi-203 s10° 669101  97410M 271 10! 1.58 10" 54710 4.85 108 1.25 10 5.80 10°1°
Bi-205 s107 15210° 1971070 aasi0t 333 00 pg7aote o710t 209 10°  1.0810°
Bi-206 510 2.8610° 364100 77610 618 o 21410M 13S0t 469 10° 227 10°
Bi-207 s107 1.5710° 201100 44310t 347 o 12110% 2010t 335 10° 1.4810°
Bi-210 5102 19710 1.97 10! 1.97 10" 1.97 107! 1.97 10" 19710M  sT7210° 1.73 107
Bi-210m s10% 136 107 1.07 107 1.04 10? L1110% 106107 1.04 107 8.38 10°* 2.59 10°

3.06 107 Kidneys
Bi-212 s10% 27610 L1s 1ot 9.86107  1.29 1o 9a4410M 71110 916 100 2.8710"
Bi-213 5100 617101 47310 456 1017 4891077 44510t 420 10 638100 19510
Bi-214 5100 s1710M 255101 238 10 251101 L5110 855101 247 10 7.64 10"
8.65107° ST wall
Polonium
Po-203 110t 482100 9.2910% 479 1012 L3210 sa710Mr 1.03 10" 1.28 10° 541107
Po-205 1107 6.26 10" 1.34 10" 7.29 10 1.85 10" 7.48 1072 1.84 10°1? 1.46 10°  6.49 10°"
Po-207 110" 185101  3.0910" 11610t 47810 1.76 107" 116 1007 3641070 1.68 10°°
Po-210 110" 82310 8.23 10°* .23 10° 8.23 10°* 8.23 10° 8.23 10* 1.52 10°¢ 514 107
Astatine ’
A1-207 10 216100 214107 214 100 218100 2141070 212 101 2851070 236107
At-211 1.0 1.0610% 1.06 10° 1.06 10° 1.06 10° 1.06 10° 1.06 10 1.09 10° 1.07 10°*
Francium
Fr-222 10 57610 57610 576 10° 5761010 5761070 576 100 8.6910°° 664107
Fr-223 1.0 232107 2.32 107 2.32107 2.32 10° 232107 2.3210° 2.3510° 2.33 10?
Radium
Ra-223 210" 4.26 10" 4.23 10" 423 10" 2.80 107 2.93 10°* 42310° 1.10 107 1.78 107
Ra-224 210" 21210" 2.06 10" 2.05 10 1.52 107 1.59 10 2.05 10°* 7.15 10 9.89 10"
Ra-225 2100 3.3710° 3.37 10" 3.37 10" 1.68 10”7 1.78 10* 1.3710% 4.09 10° 1.04 107
Ra-226 2100 9.6 10" 9.17 10° 9.16 10" 598 107 6.83 10 9.15 10 1.03 107 3.58 10”7
Ra-227 2100 365107 231101 216 107 430107 854107 184 10 95610" 61010
Ra-228 .210" 158 107 1.57 107 1.57 107 6.53 107 582 10 1.57 107 1.63 107 3.88 107
Actinium
Ac-224 1100 63610 6821017 181 102 9.6510" 1.05 10° 204 107 248107 8.03 10
7.16 10” LLI wall
Ac-225 1107 1.36 107 27310 398101 799 10° 9.94 10° 549 101 8.5710° 3.00 10°
2.82 107 LLI wall
Ac-226 L10? 23010M° ta2iot L7310M  7.7010%°  9.46 107 144 10 3.6810° 1.15 10
1.10 107 LLI wall
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Table 2.2, Ingestion, Cont’d.
Committed Dose Equivalent per Unit Intake (Sv/Bq)

Nuclide f Gonad Breast Lung R Marrow . B Surface Thyroid Remainder Effective
Ac-227 110° 831107 141107 22010  5.4010°¢ 673 10° 7.85 100" 3.08 10 3.80 10
Ac-228 1100 179107 23110M 0 734100 275 o 30110% 93910 138107 5.85 1071
Thorium
Th-226 210% 18310V 87410 7.7410% 607 107 62510 48810  83210% 25010

. 2.70 10”? ST wall
Th-227 2104 295100 - 140107 125100 5.69 10? 6.84 10°% 123100 24710° .1.0310°%
Th-228 210% 253107 2.33 107 2.31 10? 1.93 107 237104 2.30 10 3.86 10° 1.07 107
Th-229 210% 469 10° 4.5710° 4.56 10”* 1.91 10¢ 238 10 4.55 10" 2.80 10°* 9.54 107
Th-230 210% 68210° 68010 6801010 289 10”7 3.60 10 680101  1.5410° 1.48 107
Th-231 2104 2.08 10" 144107 143107 Ss3010M  31710M 8380 o 11910? 3.65 107
Th-232 210% 1.2510° 1.26 10” 1.25 10° 1.48 10°¢ 1.85 10° 121100 14710° 7.38 107
Th-234 210% 31210 357100 705107 18410t 2.08 1ot 288100 1.2310° 3.69 10°

i ' i 4.30 10°* LLI wall
Protactinium .

Pa-227 100 823100 20110% 134100 409100 49210 8.11 1018 1.18 10° 3ss o0

1
Pa-228 11070 556101 72210 1.58 107" 89210  9.59 107 2.08 1012 1.96 10° 1.13 10?
Pa-230 1107 67510  80610M 14210 178107 2.05 10° 206 1072 2.23 107 1.68 10°
Pa-231 1107 121107  78110" 680107 578 106 1.2210% 63310 1m0t 2.86 10%
Pa-232 1107 54410 69510 1.46 10" 51910 5.1110° 197102 2.00 10° 9.65 10°"*

110° 25810 271 10M 3701017 6.89 10! 1.0210"° 481107  3.0010° 9.81 10

Pa-233
1.0210°¢ LLI wall
Pa-234 110 3301070 49910 1.51 107" 7.86 10" 2.74 10" 1.86 10°72 1.61 10 584 1071
Uranivm .
U-230 5107 8.3010° 8.28 10° 8.27 10 2.85 107 3.4310°¢ 8.27 107 3.40 107 2.44 107
210° 358100 3341070 3311010 1.14 10 1.37 107 3.31 10" 1.02 107 3.6210°
U-231 5107 93510 969107  20310% 43010 13910  9.54 10 93610 315107

2.96 10” LLI wall

210° 9.69 10"  9.03 10" o210® 31310 1.45 107" 77310 9.6810%°  3.20 10"
3.1010% LLlwall

U-232 5102 827107 8.33 10° 8.29 10° 4.19 107 6.63 10 8.11 10° 3.35 107 3.54 107
2107 33410 33310 33210" 16810° 2.65 107 32510 2.8310° 1.87 10°

U-233 s107 26210°  26210°  26210°  73610°  LI610°  26210°  LI0 107 7.8110°
2100 107100 105107 10510  29510° 4.62 10° 1.0 10" 178 10° 7.1510°
U-234 5100 2.59 10? 2.58 10? 2.58 10”° 7.21 10°* 1.13 10 2.58 10° 1.09 10”7 7.66 10"
2107 10610  1.0310° 10310 2388 10° 4.52 10* 1.03 10"° 1.77 10 7.06 10°
U-235 5107 267107 2.49 10” 2.46 10° 6.81 10°* 1.05 10 2.4510° 1.03 107 7.1910®
2107 33410 12110 101100 278107 4.20 10°* 9.82 10°!! 1.84 10°* 1.22 10°
U-236 5100 2.4510° 2.4510° 2.45 107 6.83 10° 1.07 10* 245107 1.03 107 7.26 10
2107 10010  97910"  9.7910" 273107 4.28 10* 9.79 10%" ° 1.67 10° 6.68 10”°
U-237 s10? 1.7510%  20210M 49810  95010" 44110 277100 259107 8.48 10°°

8.47 107 LLI wall

2100 1.8110%° 181100 21710 se9 10 33910 231100 267107 8.57 100
8.89 10° LLI wall

U-238 510% 231107 2.31 107 2.30 10”? 6.80 10° 1.01 10% 2.30 10° 9.69 10° 6.88 10
2107 10210 93310 92210" 272107 4.04 10°* 9.20 10°V 1.61 10* 6.42 10?
U-239 5107 142100 235100 12110 64810 1521007 22310 6T210" 2,07 w0
2107 1451007 221100 103100 si3io? 231107 46010"  es010M 209 10"
U-240 $10% 1.2210 L7910"  60110' 37610 496 10" 2931017 375107 1.16 10?

2100 1.2410° 1.60 10" 3.69 107 26210 1.02 107"t 5.59 10°"? 3.88 107 1.20 10”
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Table 2.2. Ingestion. Cont’d.
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Committed Dose Equivalent per Unit intake (Sv/Bq)

Nuclide fy Gonad Breast Lung R Marrow B Surface Thyroid Remsinder  Effective
Neptunium :
Np-232 p10° 333101 L1910 L1S 1000 62510 630 ot res10? 21110t 10l 1o
Np-233 p10° 93610 24510W 135 P sie10 205100 731 ot sasiot 19910
Np-234 1100 84210 11110" 228 1ot 1.86 100 68910 379 10 1.6310° 7.43 10"
Np-235 1100 130107 s3610 105100 164 oM 147107 24110M 186 10 656 10"
. 63210  LLI wall
Np-236 110 524100 988107 929100 424 07 s2910¢  sasiot 3630t 234 107
115 10° ¥
Np-236 1107 64410 347100 5.66 1" 334107 405107 441 10" 63810 370 10"
22.5h : :
Np-237 1107 246107 145107 153100 218 100 27m10% L0 10 210107 120107
Np-238 1100 38910 48110 Loz ot 21710 177107 1.s0 10 29710° 1.08 10°
Np-239 1107 162107 L7210M 240 10 46610 3s910tt 207 1wt 277100 .82 10"
8.72 10" LLI wal!
Np-240 110} 25010M  sT7210M7 349 1017 774100 3441017 346 10 1851070 6.0 107"
Plutonium .
Pu-234 110° 78210 9.27 102 1.85 1017 44710 328 10 469100 473 10 17810
{104 74810 9.0210% 159 o2 21310 3830t 227 P 461100 16210
110% 74510M  9.00 10" 157 o 1es oM 93510 2.03 o 461 10M 16110
Pu-235 110° 559107 17410 140 o 33210 1361007 6.0 1ot a9s 10t 17210
1104 ss5910Y L7410 140 o 33210 L3zwoR o 6.02 ot 49810 L7210M
L10% 559100 L7410t 140 o 33zt 13210 602 101 49810% 172 108
Pu-236 1107 7.8210° 27710 34710 449 107 5.61 10¢ 1.56 10V 243107 315107
110% 7.8210° 28710% 348101 449 10 561 107 156 107 39310° 3.60 10°
110° 7.8510M° 390107 3.49 10 a4910° 561 10° 1.56 10 1.9010°? 8.1210°
Pu-237 1100 12410 Ta710t 102 o't 25710t 266 1071 9.2 ot 323107 120107
110* 7.2210M 103104 179101 237 10" 915107 3.82 10" 3.23 10 1.19 10°°
Lo 72210 102100 754 ot 23510 7401077 328 oM 323107 119107
Pu-238 1107 233107 g.41 107 849101 1.2710° 1.58 10° 799102 6.0010° 8.65 107
110* 233100 928 10"  8.5010" 1.27 107 1.58 10* 799 10"  7.44 10" 9.08 10°
110 233107 1.80 10°¥ 864 t0™ 127 10t 1.58 107 799 10" 218107 1.34 10°
Pu-239 1107 2.64 107 269 107 774107 1.4110° 1.76 10° 7491072 6.43 107 9.56 107
110 2.6410° 809 100 17510 14l 107 1.76 10 749 107 1.7110° 9.96 10"
110° 264 10° L2 1e? 78910 141 v 1.76 107 7.50 10 2.1210° 1.40 10°*
-Pu-240 1107 264107 79710" 807100 14110° 1.76 10° 75110 643107 9.56 10°
110%  2.64 10" g.82 10 8.08 107" 1.41 107 1.76 10°* 15110 7.7810" 9.97 10"
110° 2.6410° L7310 82210 1.4 10°® 1.76 107 75110 21310° 1.40 10°
Pu-241 110°  5.66 107 352100 44510" 278 10 3.48 107 Lot 10?1010t 1.85 10°
' 1104 5661000  2.5410M 445 1o 2718107 3.48 10°* ot oM 11610° 1.87 107
110° 566107 27910" 448 ot 278100 348107 1.01 10" 185 10" 207107
Pu-242 1107 251107 8.00107°  7.88 10" 134 10°¢ 1.67 10 72910 610107 9.08 107
110% 25110° 9.58 107" 800107 134 107 1.67 10 730 10%* 738 10° 9.46 10"
110% 25110° 254 10? 9as 1o 13410 167107  13810%  20210° 1.33 10"
Pu-243 1107 4581012 596107 L5 10" 19510 2.08 102 87910 296 e 90210
110% 456101 593 ot 14810M 183107 7.08 107 580107 29610 9.02 10!
1100 4561012 593100 147 " 182101 5710 550 101 29610 9.0210"
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Table 2.2, Ingestion, Cont’d.
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Committed Dose Equivalent per Unit Intake (Sv/Bq)

Nuclide f) Gonad Breast Lung R Marrow B Surface Thyroid Remainder Effective
Pu-244 1107 249107 32410 32310%°  1.3210¢ 1.64°10° 150 10%°  6.13107 . 897107
110* 253100 78210M 378100 133107 1.64 10 1.56 10" 8.1510° 9.59 10°
110 294 107 sae10M 929100 133100 1.65 107 222107 284 10° 1.58 10°¢
Pu-245 1107 122100 ne3iott 401 102 287100 L2510t 478 o 23210° 134 10"
L10% 12210M 16210 398 1oz 283100 9.74 10 453t 23210 734 107"
L10f 122100 162107 3981077 283107 546 o 4s010M 232100 734107
Pu-246 D107 943100 102107 1s110M 230107 269 0 20610M  L1210% 366 10°
381 10° LLI wall
1104 940107 101107 14210 210 o0 g7210M L7510 11310t 366 10’
: 38210 LLI wall
110° 94010  1.0110° 141 ot 20810 69010 1.71 10" 1.13 107 3.66 107
Americium
Am-237 1107 9.46 10" 196 1077 1.0710" 342107 121 02 79710 48410’ 178 o
Am-238 p100 2902100 s9310M 307107 LI oM 3es10M 333100 819 10"t 386 10"
Am-239 110°  9.16 10 107 10" 20510% 28310 1.06 107" L3710 78410 267 10"
Am-240 110% 7.0610 906107 186 " 15510%° 69510 259 1% 156 10° 683 10"
Am-241 110% 270 107 26210" 336107 14510¢ 1.81 10 132101 6.66 107 9.84 107
Am-242m 110°  2.66 107 1.22 10! 1.65 107! 1.41 10¢ 17610 377107 6.20 107 9.50 107
Am-242 110% 274100 93810 158 10" L2410 152107 26110%  1.0510° 381 10"
Am-243 1107 271107 1.4110%° 195100  1.4410¢ 1.80 10°% 6.80 10" 6.61107 9.79 107
Am-244m 1107 371 10" 1.89 10" 809107 21410 267 10" 150 10 661 10" 21010
226 10" ST wall
Am-244 110° 22410M  29710% 781 o2 97210t 6381070 9.83 100 149107 538 10"
Am-245 1100 L1610 193107 881 ot 2110 52310 198 10 163107 48810
Am-246m 1107 512100 168101 143 107 175100 938100 Lso 10 78310 254 10"
’ 255 107 ST wall
Am-246 L10° 677100 1871017 137100 239 0 122100 123100 1431070 454 oY
Curium
Cm-238 1107 58110%  9.02107 269 102 199107 608107 413 o 238101 9.20 10
Cm-240 1107 2.7 10° 958107  9.6210%  1.6610° 2.07 107 91110  26710° 1.69 10
Cm-241 1107 661 10"  6.68 10" Lio10"! 498107 451107 1.73 10" 281 10° 121107
Cm-242 110° 520107 895101  88410°  35710° 4.46 107 8.8210%2  4.0210" 3.10 10°
Cm-243 1100 173107 696107  7.7310"  9.81107 123 10°% 315 10" 497107 6.79 107
Cm-244 110% 133107 88210' 881107 782107 9.77 10°¢ 8.44 107 415107 5.45 107
Cm-245 110° 280107 6.80 10 834107 1.49 10°¢ 1.86 10° 3.0210" 679107 1.01 10¢
" Cm-246 110% 277107 39110 2.6710" 1.48 10°¢ 1.85 10 1.87 10"  6.76 107 1.00 10°¢
Cm-247 1107 256 107 229101 266 10%°  1.36 10 1.70 10° 1.20 10 6.23 107 9.24 107
Cm-248 1107 1.0210% 1.10 10°¢ 6.52 10? 5.42 10 6.75 10°% 3.87 107 249 10 3.68 10°¢ .
Cm-249 110° 46510 86810  s4110M 620 10" 63710 553100 8.88 10" 27010
Cm-250 1107 5.8510° 8.66 10° 517 10° 3.09 10° 3.83 10 3.05 10°* 1.42 10 2.10 107
Berkelium
Bk-245 1107 26410 276107  36210"  8.16 10" 9.79 1ot 30710 190 10° 652 10"
Bk-246 1107 647101  8.08 10" 1.60 10°" 143107 17110 21910 1.2410° 5,68 107
Bk-247 1107 285107 628 10"  6.4210M  21910% 2.74 10° 380 10" 395107 1.27 10*
Bk-249 1107 699100  43510M 510100 536107 6.69 108 345100 139100 324107
Bk-250 1107 6.64 107" 114 10" 464 107 430 10 348 1070 588107  40810%° 157 10"
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Table 2.2. Ingestion. Cont’d.

Committed Dose Equivaient per Unit Intake (Sv/Bq)

Nuclide {; Gonad Breast Lung R Marrow 'B Surface Thyvroid Remainder Effective
Californium
Cf-244 1100 1371000 243107 233107 118 1o 148 10°1° . 223107¢ 1511070 sasiet
531107 ST wall
Cf-246 1107 886107 772100 16410 B8 1010 101100 7.6310%  Lisiot 386107
Cf-248 1107 15110° 1.00 10" 9.26 10° 1.44 107 1.80 10 9.3 10" s1110t 9.04 10
CI-249 110° 286107 233100 226107 2.2110¢ 2.76 10°% 1.51 10" 400107 1.28 10°
Cf-250 1107 112107 74410" 41010 977107 1.2210°% Lot 217107 576 10”
Cr-251 1107 292107 9.36 10" 9.56 10" 22510° 2.81 10° 5.2510°"  4.05 107 1.31 10
Cf-252 1107 5.3910° 1.49 107 467107 4.69 107 5.84 10 2681010 LS8 107, 293107
Cf-253 1107 sa610® 221100 21510M 537 10° 61210°" 204 10" 33110° 3.98 10°°
Cf-254 1107 312107 34510°" 4.95 10° 5.45 107 6.14 10°¢ 1.09 10° 1.07 10° 6.55 107
Einsteinium
Es-250 1107 206 0" 3ae 10V 158100 23510 225 10 16510 ss3toett 32010
Es-251 110° 79010 817107 L1810 354 10" 145107 103100 5691070 2.00 107
Es-253 1107 596100 955107 946101 6.10 10° 1.6110* 9.44'10°7 198 10" 9.10 10°
, Es-254m 1107 40710 464 107" 146 10" 82910 9.4810° 8.16 10" 1.4510° 483 10°
' 4.7510% LLI wall
Es-254 1107 1.4510° 12910 47210 131107 1.6310¢ 193 10" 5.4710° 8.47 10°
) Fermium
Fm-252 1107 694 10" 70210 6981072 61210  7.5210° 6.97 10 9.2710° 3.10 10°
Fm-253 1107 1751040 101 107 234100 9.26 1010 112 107 127100 293107 137107
Fm-254 110° 5541070 1.6310" 1621017 35710 428100 162107 150 10° 4.69 107"
Fm-255 1100 3221070 7.1410M7 66810 174 100 2,08 10° 6.65 1017 9.0210° 2.80 10°
Fm-257 1107 572107 2.53 10! 123100 58210 7.27107 t.o0 10"t 35310t 4.08 10
Mendelevium . :
Md-257 1107 29710% 2651070 96107 1.2710°1° 1.52 107 335100 400107 1.89 107

Md-258 1107 4.3510° 1.53 107" 1.48 107! 431 10" 5.38 107 1.19 107" 3.16 10° 319 10




TABLE 2.3

Exposure-to-Dose Conversion Factors for Submersion

Explanation of Entries

hT.cx!:

hE.ex(:

For each radionuclide, values in SI units for the organ dose equivalent rate conversion
factor, hrex, and the effective dose equivalent rate conversion factor, Rgex. based upon
the weighting factors set forth on page 6, are listed in Table 2.3 for submersion.

The bold-face entry for 2 radionuclide indicates the factor used in determining the DAC in
Tabie 1.a.

The tissue dose equivalent conversion factor for organ or tissue T (expressed in Sv/hr per
Bq/m?), i.c., the dose equivalent rate per unit air concentration of radionuclide.

The effective dose equivalent conversion factor (expressed in Sv/hr per Bq/m?), i.c., the
cffective dose equivalent rate per unit air concentration of radionuclide: -

hE.exl = E wT.hT.en
T

Values of fi ¢y for skin and lens of eye are listed only when they are limiting.

f
|To convert to conventional units (mrem/hr per uCi/cm?®), multiply tabie entries by

| 3.7 x 10%5

As an example, consider the factor for lung for submersion in Ar-37:

3.80 x 10~ Sv/hr per Bq/m’
x 3.7 x 10! = 14 mrem/hr per uCifem’.

hlunl.eu

note: Since lung is the only exposed organ, B exe quals 0.12 Riypg.ext-
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Table 2.3. Exposure-to-Dose Conversion Factors for Submersion

Dose Equivalent Rate per Unit

Air Concentration (Sv/hr per Bq/m?)

Nuclide Gonad Breast Lung R Marrow B Surface Thyroid Remainder  Effective
Hydrogea® '
H-3 9.90 107 1.19 100
Argon
Ar-37 3.80 109 4.56 10"
Ar-39 608 10 S.1010  45310M  9.10 10 98410 S9410M 383 10 55410
o 37510 Skin
Ar-41 L9010 232107 2201070 228107 247100 207 100 224100 21710
Krypton
Kr-74 23110 200107 193101 252 10 26910 L1210 187 e 20910
Kr-76 9.00 10" 72210 695107 9.85 10 1.0510%° 543107 6.44 ot 776 10
Kr-77 199 101° 174107 16810 224 100 23910 1.0310%° 162 10 18210
Kr-79 s0210M 431100 alsiot 536 oM s410t 268107 4.00 100" 44910
Kr-81 126 107 9.5310"7  9.0810" 137 1o 14710" 828100 819 1o 10510
Kr-83m 59510  80110" 1.1010% 551 0" 63210%  1.3910% 128101 410 10"
169108 Lens
Kr-85 518 10" 45210" 431100 575 o 61510M 250100 420 12 47010
4.66 10" Skin
Kr-85m 33510 266100 25710 443 ot 47210M  29510M 225100 298 1"
Kr-87 126 1610 148100 14110 152 10°  1.6710% 142101 146 10 14210
Kr-88 348 100 365100 3491070 348 1o 3ssio™® 374100 372 10 3.60 10"
Xeson
Xe-120 258 107 691 10" 651107 841107 905 1ot 4s4l0M 632100 T0310°%
Xe-121 272100 32710 3121010 345 10°  37610% 286100 3.08 10 3.08 10"
Xe-122 L1310t 879101 798101 1.25 ot 13siet 73010 1.22 10?2 9.40 10
Xe-123 108 10°  1.0810% 10310 1.29 o 13910 82810t 97810 107 10"
Xe-125 54310 42310"  40110" 613 " esTiot 392107 362100 46l 10"
Xe-127 594 10" 441 10" 42110 670 ot 717100 42810M 37610 493 (il
Xe-129m  5.53 101 38610"7 280 108 596107 6551017 42410 242 1012 406101
Xe-13lm 200107 142107 101 joi2 225100 24710'7 1631077 8.58 10" 148 100
- 17110 Skin
Xe-133 6301012 562107 48410% 108 oM Lot 712100 403101 6.07 101
Xe-133m  6.80 1072 488 1077 433 o2 7.3710M 795107 48910" 384 102 53810
Xe-135 563101 421 10" 40710 616 ot 659 10% 380107 3.6710" 468 (il
Xe-135m 827107 732107 7.04 1ot se210M 92110t 33210 7.04 10" 715310
Xe-138 165 10 20610"° 1.9810% 211 10 23110 1911070 195107 192 10

seiemental



TABLE 3

Gastrointestinal Absorption Fractions (fy) and
Lung Clearance Classes for Chemical Compounds

Explanation of Entries

By elements, the assignment of chemical compounds of the radionuclide among the

" clearance classes of the lung model and the applicable fra;tional absorption from the

f,/class:

gastrointestinal tract are listed in Table 3.

The fractional uptake from the small intestine to blood (f,) and the lung clearance class
(D. W, or Y). In a few instances the use of “special models™ is noted, e.g., for

consideration of vapors.
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Table 3. Gastrointestinal Absorption Fractions (f;) and

184

Lung Clearance Classes for Chemical Compounds

(Ca)

Inhalation
Element
Compound f,/Class Compound £
Actinium Oxides & hydroxides 11073 Y All forms 1107
(Ac) Halides & nitrates 11073 W
All others 11072 D ,
Aluminum Oxides, hydroxides, 0.01 w All forms 0.01
(Al carbides, halides,
nitrates & elemental
All others 0.01 D
Americium All forms 11077 W All forms 11072
. (Am)
Antimony Oxides, hydroxides, 0.1 w Tartar emetic 0.1
(Sb) halides, sulfides, All others 0.01
sulfates & nitrates
All others 0.01 D
Arsenic All forms 0.5 w "All forms 0.5
(As) : ’
Astatine See halide assignment 1 D All forms 1
(At) of associated element 1 w
Barium All forms 0.1 D All forms 0.1
(Ba) , _
Berkelium All forms 11072 W All forms 11072
(Bk)
Beryllium Oxides, halides & 51077 Y All forms 51073
(Be) nitrates
All others 5107 W
Bismuth Nitrates 0.05 D All forms 0.05
(Bi) All others 0.05 W
Bromine See bromide assignment | D All forms 1.0
(Br) of associated element 1 w )
Cadmium Oxides & hydroxides 0.05 Y All inorganic forms 0.05
(Cd) Sulfates, halides & '
nitrates 0.05 w
All others 0.05 D
Calcium All forms 0.3 w All forms 0.03




Tabie 3, Cont'd.

Inhalation Ingestion
Eiement a
Compound f;/Class Compound f,

Californium Oxides, hydroxides 1107 Y All forms 11073
(Chn All others 1107 W
Carbon Monoxides Special -~ Organic forms 1
(©) Dioxide models

Organic forms
Cerium Oxides, hydroxides & 31070 Y All forms 3107
(Ce) fluorides

All others 3107 W
Cesium All forms 1 D All forms 1
(Cs)
Chiorine Sec assignment of i D All forms 1
cn associated element 1 w
Chromium Oxides & hydroxides 01 Y - Trivalent state 0.01
(Cr) Halides & nitrates 0.1 w Hexavaient state 0.1

Al others 0.1 D
Cobalt Oxides, hydroxides, 0.05 Y Oxides, hydroxides &  0.05
(Co) halides & nitrates trace inorganic

All others 0.05 W Organic complexed & 0.3

other inorganics
Copper Oxides & hydroxides 0.5 Y All forms 0.5
(Cu) Sulfites, halides & 0.5 w
nitrates

All others 0.5 D
Curium All forms 1107 W All forms 11073
(Cm)
Dysprosium All forms 3107 W All forms 3107 -
(Dy)
Einsteinium All forms 11070 W All forms 11073
(Es)
Erbium All forms 3107 W All forms 31074
(Er)
Europium All forms 1107 W All forms 11073

(Euv)
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Table 3, Cont’d.

(D

Inhalation Ingestion
Element .
Compound f,/Class Compound £
Fermium All forms 11070 W All forms 11072
(Fm)
Fluorine See assignment of I D All forms 1
(F) associated element 1 w
Y
Francium All forms 1 D All forms 1
(Fr) .
Gadolinium Oxides, hydroxides & 3107 W All forms 31074
- (Gd) fluorides

All others 3107
Gallium Oxides, hydroxides, 11073 W All forms 11073
(Ga) carbides, halides &

nitrates

All others 11073 D
Germanium Oxides, sulfides & 1 w All forms 1
(Ge) halides

All others 1 D
Gold - Oxides & hydroxides 0.1 Y All forms " 0.1
(Au) Halides & nitrates 0.1 w

All others 01 . D
Hafnium Oxides, hydroxides 2107 W All forms 21072
(H) halides, carbides &

nitrates

All other 2107 D
Holmium All forms 3107 W All forms 31074
(Ho)
Hydrogen Water vapor 1 All forms 1
(H) Elemental Special

model

Indium Oxides, hydroxides, 0.02 w All forms 0.02
(In) - halides & nitrates

All others 0.02 D
Iodine All forms 1 D All forms i
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Table 3, Cont'd.

Inhalation Ingestion
Element
Compound f;/Class Compound f,
Iridium Oxides & hydroxides 0.01 Y All forms 0.01
(In) Halides, nitrates & 0.01 w
metallic form
All others 0.01 D
Iron Oxides, hydroxides & 0.1 w All forms 0.1
(Fe) halides
' All others 0.1 D
Lanthanum Oxides & hydroxides 11077 W All forms 11073
(La) All others 11072 D
Lead All forms 0.2 D All forms 0.2
(Pb) :
Lutetium Oxides, hydroxides & 3107 Y All forms 3107
(Lu) fluorides
All others 3107¢ W
Magnesium Oxides, hydroxides, 0.5 w All forms 0.5
(Mg) carbides, halides &
nitrates
All others 0.5 D
Manganese Oxides, hydroxides, 0.1 w All forms 0.1
{Mn) halides & nitrates
All others 0.1 D
Mendelevium  All forms 11073 W All forms 11073
(Md) .
Mercury Oxides, hydroxides, 0.02 W All inorganic forms 0.02
(Hg) halides, nitrates & Methyl mercury 1
sulfides Other organic forms 0.4
Sulfates 0.02 D
Organic forms 1 D
Vapors Special
model
Molybdenum Oxides, hydroxides & 0.05 Y MoS; 0.05
(Mo) MoS, All others 0.8
All others 0.8 D
Neodymium Oxides, hydroxides, 3107 Y All forms 3107
(Nd) carbides & fluorides
All others 3107 W
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Table 3, Cont'd.

Inhalation Ingestion
Element -
Compound f;/Class Compound f
Neptunium All forms 1107} W All forms 11073
(Np)
Nickel Oxides, hydroxides & 0.05 w All forms 0.05
(Ni) carbides
All others 0.05 D
Vapors Special
model
Niobium Oxides & hydroxides 0.01 Y All forms 0.01
(Nb) All others 0.01 w
" Osmium Oxides & hydroxides 001 Y All forms 0.01
(0s) Halides & nitrates 0.01 w
All others 0.01 D
Palladium Oxides & hydroxides 51070 Y All forms 5107}
(Pd) Nitrates 5107 W
All others 510" D
Phosphorus Phosphates of 0.8 w All forms 0.8
(P) particular element 0.8 D
All others 0.8 D
Platinum All forms 0.01 D All forms 0.01
(Pt) .
Plutonium Oxides 1107° Y Oxides 11073
(Pu) All others 11073 W Nitrates 1107
' Others 1107
Polonium Oxides, hydroxides & 0.1 W All forms 0.1
(Po) nitrates
All others 0.1 D
Potassium - All forms 1 D All forms 1
(K)
Prascodymium  Oxides, hydroxides, 3107 Y All forms 3107
(Pr) carbides, & fluorides
All others 31074 W
Promethium Oxides, hydroxides, 31074 Y All forms 3107
(Pm) carbides, & fluorides
All others 3107 W
Protactinium  Oxides & hydroxides 11073 Y All forms 11072
(Pa) All others 11072 W
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Table 3, Cont'd.
Inhalation Ingestion
Element
Compound f;/Class Compound f,
Radium All forms 0.2 W All forms 0.2
(Ra)
Rhenium Oxides, hydroxides, 0.8 w All forms 0.8
(Re) halides & nitrates
All others 0.8 D
Rhodium Oxides & hydroxides 0.05 Y All forms 0.05
(Rh) Halides 0.05 w
All others 0.05 D
‘Rubidium All forms 1 D All forms 1
(Rb) _
Ruthenium Oxides & hydroxides 0.05 Y All forms 0.05
(Ru) Halides 0.05 w
All others 0.05 D
Samarium All forms 3107 W All forms 3107
(Sm)
Scandium All forms 1107 Y All forms 11074
(Sc)
Selenium Oxides, hydroxides, 0.8 w Elemental 0.05
(Se) carbides & elemental All others 0.8
All others 08 . D
Silicon Ceramic forms 0.01 Y All compounds 0.01
(Si) Oxides, hydroxides, 0.01 w
carbides, & nitrates
All others 0.01 D
Siiver Oxides & hydroxides 0.05 Y All forms 0.05
(Ag) Nitrates & sulfides 0.05 w
All others 0.05 D
Sodium All forms 1 D All forms 1
(Na)
Strontium SrTiO, 0.01 Y Soluble salts 0.3
(Sr) All others 0.3 D StTiO, 0.01
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Table 3, Cont'd.

(W)

Inhalation Ingestion .
Element
Compound f,/Class Compound £,
Sulfur Sulfates & sulfides of 0.8 D All inorganic forms 0.8
) associated elements 0.8 w Elemental 0.1
Elemental 08 W '
Gases Special
model
Tantalum Oxides, hydroxides, 11073 Y All forms 11072
(Ta) halides, carbides, '
' nitrates & nitrides .
All others 1107 W
“Technetium Oxides, hydroxides, 0.8 w All forms 0.8
(Tc) halides & nitrates
All others 0.8 D
Tellurium Oxides, hydroxides & 0.2 w " All forms 0.2
(Te) nitrates )
All others 0.2 D
Terbium All forms 31074 W All forms 3107
(Tb)
Thallium All forms 1 D All forms 1
()
Thorium Oxides & hydroxides 21074 Y All forms 21074
(Th) All others 21074 W -
Thulium All forms 3107 W All forms 31074
(Tm) .
Tin Oxides, hydroxides, 0.02 w All forms 0.02
(Sn) halides, nitrates,
sulfides & Sn;(PO4)4
All others 0.02 D
Titanium StTiO, 0.01 Y All forms 0.01
(Ti) Oxides, hydroxides, 0.01 w
carbides, halides &
nitrates
All others 0.01 D
Tungsten All forms 0.3 D Tungstic acid 0.01
All others 0.3
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Table 3, Conl'd.

0.05
2107

0.01

3107

11074

0.5

21073

Inhalation ——
Element Ingestion
Compound f,/Class Compoung

Uranium UO0;, U304 2107 Y Hexavalent
w UO,, UF, & UCL 0.05 w Insoluble forms

UF,, UO,F; & 0.05 D

UOy(NOs);
Vanadium Oxides, hydroxides, 0.01 w All forms
) _ carbides, & halides

All others 0.0t D
Ytterbium Oxides, hydroxides & 3107 Y All forms
(Yb) fluorides

All others 31074 W
Yttrium - Oxides & hydroxides 1107 Y All forms
Y) All others 11074 W .
Zinc All forms 0.5 Y All forms
(Zn) .
Zirconium Carbides 21070 Y All forms
(Zr) Oxides, hydroxides, 2107 W

halides & nitrates
All others 2107 D




APPENDIX A

Radiation Protection Guidance for Occupational Exposure (1987)
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Federal Register
Vol. 52. No. 17

Tuesday. January 27. 1987

Presidential Documents

L]

Title 3—

The President

Billing vode 3195-01-M

Recommendations Approved b\ the President

‘Radiation  Protection  Guidance to Federal Agencies

for Occupational Exposure

The recommendations concerning Federal radiation protection guidance for
occupational exposure transmitted to me by the Administrator of the Environ-
mental Protection Agency in the memorandum published beiow are approved.
| direct that this memorandum be published in the Federal Register. To
promote a coordinated and effective Federal program of worker protection.
the Administrator is directed to keep informed of Federal agency actions to
implement this guidance and to interpret and clarify these recommendations
from time to time. as necessary. in coordination with affected Federal agen-
cies. Consistent with existing authority, the Administrator may. when appro-
priate. consult with the Federal Coordinating Council for Science. Engineering
and Technology. The Administrator may also. when appropriate. issue inter-
pretations and clarifications in the Federal Register.

Approved: January 20. 1987

@M&A\p\,\_u&««

Memorandum for the President

FEDERAL RADIATION PROTECT ION GUIDANCE FOR OCCUPATIONAL
EXPOSURE -

This memorandum transmits recommendations that would update previous
guidance to Federal agencies for the protection of workers exposed to ionizing
radiation. These recommendations were developed cooperatively by the Nu-
clear Regulatory Commission. the Occupational Safety and Health Adminis-
\ration. the Mine Safety and Health Administration. the Department of De-
fense. the Department of Energy. the National Aeronautics and Space Admin-
istration. the Department of Commerce. the Department of Transportation. the
Department of Health and Human Services, and the Environmental Protection
Agency. In addition. the Nationa! Council on Radiation Protection and Meas-
urements (NCRP). the National Academy of Sciences (NAS). the Conference of
Radiation Control Program Directors (CRCPD) of the States, and the Health
Physics Society were consulted during the development of this guidance.

Executive Order 10831, the Atomic Energy Act. as amended. and Reorganiza-
tion Plan No. 3 of 1970 charge the Administrator of the Environmental
Protection Agency (EPA) to “. . . advise the President with respect to radi-
ation matters, directly or indirectly affecting health. including guidance for all
Federal agencies in the formulation of radiation standards and in the estab-
lishment and execution of programs of cooperation with States.” This guid-
ance has historically taken the form of qualitative and quantitative “Federal
Radiation Protection Guidance.” The recommendations transmitted here
would replace those portions of previous Federal guidance {25 FR 4402),
approved by President Eisenhower on May 13, 1980, that apply to the protec-
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tion of workers exposed to 1onizing radiation. The portions of that guidance

- which apply to exposure of the geperal public would not be changed by these

recommendations. :

These recommendations are based on consideration of (1) current scientific

understanding of effects on health from ionizing radiation, {2) recommenda-
tions of international and national organizations invoived in radiation protec-
tion. (3) proposed “Federal Radiation Protection Guidance for Occupationa!
Exposure” published on January 23. 1981 (46 FR 7836) and public comments on
that proposed guidance. and (4) the collective experience of the Federa:
agencies in the control of occupational exposure to ionizing radiation. A
summary of the considerations that led to these recommendations 1s provided
below. Public comments on the previously proposed guidance and a response
to those comments are contained in the document “Federal Radiation Protec-
tion Guidance for Occupational Exposure—Response to Comments™ (EPA
520/1-84-011)." Single copies of this report are available from the Program
Management Office (ANR—458). Office of Radiation Programs. U.S: Environ-
mental Protection Agency. Washington. D.C. 20460: telephone (202) 475-8388.

Background

A review of current radiation protection guidance for workers began in 1974
with the formation of a Federal interagency committee by EPA. As a result of
the deliberations of that committee. EPA published an “Advance Nouce of
Proposed Recommendations and Future Public Hearings” on September 17.
1979 (44 FR 53785). On January 23. 1981. EPA published “Federal Radiation
Protection Guidance for Occupational Exposures: Proposed Recommenda-
tions. Request for Written Comments. and Public Hearings™ (46 FR 7836].
Public hearings were held in Washington. D.C. {April 20-23. 1981}): Houston.
Texas (May 1-2. 1981): Chicago. Illinois (May 5-6. 1981). and San Francisco.
California (May 8-9. 1981) (46 FR 15205). The public comment period closed
July 6. 1981 (46 FR 26557). On December 15. 1982. representatives of the ten
Federal agencies noted above. the CRCPD. and the NCRP convened under the
sponsorship of the EPA to review the issues raised in public comments and to
complete development of these recommendations. The 1ssues were carefully
considered during a series of meetings. and the conclusions of the working
group have provided the basis for these recommendations for revised Federal

guidance.

EPA has also sponsored or conducted four major studies in support of this
review of occupational radiation protection guidance. First, the Committee on
the Biological Effects of lonizing Radiations. National Academy of Sciences—
National Research Council reviewed the scientific data on health risks of low
levels of ionizing radiation in a report transmitted to EPA on July 22, 1980:
“The Effects on Populations of Exposure to Low Levels of lonizing Radiaton:
1980." National Academy Press. Washington. D.C. 1980. Second. EPA has
published two studies of occupational radiation exposure: *QOccupational
Exposure to lomzing Radiation in the United States: A Comprehensive Sum-
mary for the Year 1975" (EPA 520/4-80-001) and “Occupational Exposure to
lonizing Radiation in the United States: A Comprehensive Review for the Year
1980 and Summary of Trends for the Years 1960-1985" (EPA 520/1-84-005).
Third. the Agency sponsored a study to examine the changes in previously
derived concentration hmits for intake of radionuclides from air or water that
result from use of up-to-date dosimetric and biological transport models.
These are presented in Federal Guidance Report No. 10, “The Radioactivity
Concentration Guides: A New Calculation of Derived Limits for the 1960
Radiation Protection Guides Reflecting Updated Models for Dosimetry and
Biological Transport” (EPA 520/1-84-010). Finally. the cost of implementing
the changes in Federal guidance proposed on January 23. 1981 was surveyed
and the findings published in the two-volume report: “Analysis of Costs for
Compliance with Federal Radiation Protection Guidance for Occupational
Exposure: Volume I—Cost of Compliance” (EPA 520/1-83-013-1) and "“Volume
ll—Case Study Analysis of the impacts” (EPA 520/1-83-013-2]). These EPA
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reports are available from National Technical
partment of Commerce. 5285 Port Royal Roa

Information Service. U.S. De-
d. Springfield. Virginia 22161

The interagency review of occupational radiation protection has confirmed the
need for revising the previous Federal guidance. which was promulgated in
1860. Since that time knowledge of the effects of ionizing radiation on humans
has increased substantially. We now have a greatly improved ability 1o
estimate risk of harm due to irradiation of individual organs and tissues. As @
result. some of the old numerical guides are now believed to be less and some

more protective than formerly. Other risks. sp
are now considered to be more significant and

ecifically those to the unborn.
were not addressed by the old

guidance. These disparities and omissions should be corrected. Drawing on

this improved knowledge. the international Co

mmission on Radiological Pro-

tection (ICRP) published. in 1877. new recommendations on radiation protec-

tion philosophy and limits for occupational exp
are now in use. in whole or substantial part. in

osure. These recommendations
most other countries. We have

considered these recommendations. 8mong others. and believe that it is
appropriate to adopt the general features of the ICRP approach in radiation
protection guidance to Federal agencies for occupational exposure. In two
cases. protection of the unborn and the management of long-term exposure to

internally deposited radioactivity. we have found it advisable to make addi-

tions.
There are four types of possible effects on he

alth from exposure to ionizing

radiation. The first of these is-cancer. Cancers caused by radiation are not
different from those that have been historically observed. whether from
known or unknown causes. Although radiogenic cancers have been observed

in humans over a range of higher doses. few
defining the effect of doses at normal occupa
second type of effect is the induction of hered

useful data are available for
tional levels of exposure. The
itary effects in descendants of

exposed persons. The severity of hereditary effects ranges from inconsequen-
tial to fatal. Although such effects have been observed 1n experimental
animals at high doses. they have not been confirmed in studies of humans.
Based on extensive but incomplete scientific evidence. it is prudent to assume
that at low levels of exposure the risk of incurring either cancer or hereditary
effects is linearly related to the dose received in the relevant tissue. The

severity of any such effect is not related to the

amount of dose received. That

is. once a cancer or an hereditary effect has been induced. its severity is

independent of the dose. Thus. for these two

types of effects. it is assumed

that there is no completely risk-free level of exposure.

The third type includes a variety of effects fo

r which the degree of damage

{i.e.. severity) appears to depend on the amount of dose received and for

which there is an effective threshold below whi

ch clinically observable effects

do not occur. An example of such an effect is radiation sickness syndrome.
which is observed at high doses and is fatal at very high doses. Examples of
lesser effects inciude opacification of the lens of the eve. ervthema of the skin.
and temporary impairment of fertility. All of these effects occur at relatively
high doses. At the levels of dose contemplated under both the previous

Federal guidance and these recommendations.

clinically observabie examples

of this third type of effect are not known to occur.

The fourth type includes effects on children w

ho were exposed /n utero. Not

only may the unborn be more sensitive than adults to the induction of

malformations. cancer. and hereditary effects.
renewed attention to the risk of severe menta
the unborn during certain periods of pregnancy

but recent studies have drawn
} retardation from exposure of
. The risk of less severe mental

retardation appears to be similarly elevated. Although it is not vel clear to
what extent the frequency of retardation is proportional to the amount of dose
(the data available at occupational levels of exposure ‘are limited). it is

prudent to assume that proportionality exists.

The risks to heaith from exposure to low levels of ionizing radiation were
reviewed for EPA by the NAS in reports published in 1972 and in 1980.
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Regarding cancer there continues to be divided op:nion on how to interpolate
between the absence of radiation,effects at zero dose and the observed effects
of radiation {mostly at high doses) to estimate the most probable effects of low
doses. Some scientists believe that available data best support use of a hinear
model for estimating such effects. Others. however. believe that other modeis.
which usually predict somewhat lower risks. provide better estimates. These
differences of opinion have not been resolved to date by studies of the effects
of radiation in humans. the most important of which are those of the Hiroshi-
ma and Nagasaki atom bomb survivors. Studies are now underway to reas-
sess radiation dose calculations for these survivors and 1n turn to provide
improved estimates of risk. It will be at least several vears before these
reassessments and estimates are completed. and it 1s not tikelv that they wili
conclusively resolve uncertainties in estimatng low dose effects. EPA 1s
monutoring the progress of this work. When it 1s completed we will initiate
reviews of the risks of low Jevels of radiation. in order to provide the basis for
any indicated reassessment of this guidance.

In spite of the above uncertainties. estimates of the risks from exposure 10 iow
jevels of ionizing radiation are reasonably well bounded. and the average
worker is believed to incur a relatively small nisk of harm from radiation. This
situation has resulted from a system of protection which combines limits on
maximum dose with active application of measures to minimize doses within
these limits. These recommendations continue that approach. Approximately
1.3 million workers were emploved in occupations in which they were poten-
tially exposed to radiation in 1980. the latest vear for which we have compre-
hensive assessments. About half of these workers received no measurable
occupational dose. In that vear the average worker measurabiv exposed tc
external radiation received an occupational dose equivaient of 0.2 rem to the
whole body. based on the readings of individual dosimeters worn on the
surface of the body. We estimate (assuming a linear non-threshold model} the
increased risk of premature death due to radiation-induced cancer for such a
dose is approximately 2 to 5 in 100,000 and that the increased risk of serious
hereditary effects is somewhat smaller. To put these estimated risxs in
perspective with other occupational hazards. thev are comparable to the
observed risk of job-related accidental death in the safest industries. whole-
sale and retail trades. for which the annual accidental death rate averaged
about 3 per 100.000 from 1980 to 1984. The U.S. average for all industries was
11 per 100.000 in 1984 and 1985.

These recommendations are based on the assumption that risks cf injury from
exposure to radiation should be considered 1n relation to the overall benefit
derived from the activities causing the exposure. This approach is simildar to
that used by the Federal Radiation Council (FRC) in developing the 1960
Federal guidance. The FRC said then. “Fundamentally. setting basic radiation
protection standards involves passing judgment on the extent of the possible
health hazard society 1s willing to accept in order to realize the known
benefits of radiation.” This leads to three basic principles that have governed
radiation protection of workers in recent decades in the United States and in
most other countries. Although the precise formulation of these principles has
evolved over the years. their intent has continued unchanged. The first 1s that
any activity involving occupational exposure should be determined to be
useful enough to society to warrant the exposure of workers: 1.e.. that & finding
be made that the activity is “justified”. This same principle apphes to virtuaily
any human endeavor which involves some nisk of injury. The second 1s that.
for justified activities. exposure of the work force should be as low as
reasonably achievable (commonly designated by the acronym “ALARA"): this
has most recently been characterized as “optimization” of radiation protection
by the International Commission on Radiological Protection (ICRP). Finallv. to
provide an upper limit on risk to individual workers. “limitation” of the
maximum allowed individual dose is required. This is required above and
bevond the protection provided by the first two principles because their
primary objective is to mimmize the total harm from occupational exposure in
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the entire work force: they do not lLimit the way that harm s distnbuted among
individual workers. :

The principle that activities causing occupational exposure should produce &
net benefit is important in radiation protection even though the judgment of
net benefit is not easily made. The 1960 guidance says: “There should not be
any man-made radiation exposure without the expectation of benefit resulting
from such exposure . . ~ And “It is basic that exposure 10 radiation shoulc
result from a real determination of 1ts necessity.” Advisory bodies other than
the FRC have used language which has essentially the same meaning. In 1ts
most recent revision of \nternational guidance (1877) the ICRP said ~ . . ne
practice shall be adopted urless 1ts introduction produces a posiive net
benefit.” and in slightly different form the NCRP. in 1ts most recent statemnent
(1975) on this matter. said . . . all exposures should be kept to 8 practicabie
minimum: . . . this principie involves value judgments based upon perception
of compensatory benefits commensurate with nisks. preferavly in the form of
realistic numerical estimates of both benefits and risks from acuvities nvoiv-
ing radiation and alternative means-to the same benefits.”

This principle 1s set forth in these recommendations in & simple form: “There
should not be any occupational expusure of workers to 1omzing radiation
without the expectation of an overall benefit from the activity causing the
exposure.” An obvious difficulty in making this judgment is the difficulty of
quantifying n comparable terms costs {including risks) and benefits. Given
this situation. informed value judgments are necessary and are usually all that
is possible. It 1s perhaps useful to observe. however. that throughout history
individuals and societies have made risk-benefit judgments. with their success
usually depending upon the amount of accurate information available. Since
more 1s known about radiation now than in previous decades. the prospect is
that these judgments can now be better made than before.

The preceding discussion has implicitly focused on major activines. ie. those
instituting or continuing & general pracuce involving radiation exposure of
workers This principle also apphes 10 detailed management of faciliues and
direct supervision of workers. Decisions on whether or not particular tasks
should be carried out {such as inspecling control systems or acquiring specific
experimental data! regquire judgments which can. In the aggregate. be as
significant for radiation protection as those justifving the basic activities these
tasks support.

The pnincipie of reduction of exposure v levels that are “as low as reasonably
achievahle” [ALARA] is tvprcally impiemented 1n 1WO different wavs. First. 1t
1s applied to the engineering design of facilities so as to reduce. prospectively.
the anticipated exposure of workers. Second. it 1s applied to actual operations:
that 1s. work practices are designed and carried out 10 reduce the expusure of
workers. Both of these applications are encompassed by these recommenda-
tions * The principle apphes both 1o collective exposures of the work force
and to annual and cumulative mndividual exposures. Its apphication may
therefore require complex judgments. particularly when tradeoffs between
collective and individual doses are involved. Effective implementation of the
ALARA principle involves most of the many facets of an effecuve radiation
protection program: education of workers concerning the health nisks of
exposure to radiation: trainmng 1n reguiatory requirements and procedures 10
contro} exposure: monioring. assessment. and reporting of exposure levels
and doses. and management and supervision of radiation proteciion activilies.
including the choice and implementation of radiation control measures. A
comprehensive radiation protection program will also include. as apprupnate.

* The recumendation that Federa agencies. through their reguiations operatiinal pruLedures
and otner apprupnate means. maintain duses ALARA 1s not intended 1o express and therefore
shoul not be interpreted As expressing. o View whether the ALARA contept should constitute a
duty of care o tort hitgation  impiemeniation of e ALARA conuept Teguires a4 compies
sulner e baneing of sownnfic econnmi . so¢ ial factors generaliy resulting in the atldin
ment o average dose jevels sigmiicantiy heiow  the maximum pa-rmmdd by this guidance
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properly trained and qualified radiat . i

designed. operated. and maintained, fl::iliareoa‘ec“:n personnel: adequately
assurance and audit procedures. Another imPon:n': 2 equipment: and quality
maintenance of records of cumulative exposures of \:g:ﬁtef.f 'u:h programs is
tion of appropriate measures to assure that lifetime expo::nug?iemema.
repeatedly exposed near the limits is minimized. workers

The types of work and activity which involve worker exposure to radiatio

L. . n
vary greatly and are administered by many different Federal and Siate
agencies under a wide variety of legislative authorities. In view of this
complexity. Federal radiation protection guidance can address only the broad
prerequisites of an effective ALARA program. and regulatory authorities must
ensure that more detailed requirements are identified and carried out. In doing
this. such authorities may find it useful to establish or encourage the use of 1)
administrative control levels specifying. for specific categories of workers or
work situations. dose levels below the hmiting numerical values recommend-
ed in this guidance: 2) reference jevels to indicate the need for such actions as
recording. investigation. and intervention: and 3) local goals for limiting
individual and collective occupational exposures. Where the enforcement of a
general ALARA requirement is not practical under an agency’'s statutory
authority. it is sufficient that an agency endorse and encourage ALARA. and
establish such regulations which result from ALARA findings as may be useful
and appropriate to meet the objectives .of this guidance.

The numerical radiation protection guidance which has been in effect since
1960 for limiting the maximum allowed dose to an individual worker is based
on the concept of limiting the dose to the most critically exposed part of the
body. This approach was appropriate. given the limitations of scientific
information available at that time. and resulted in a set of five independent
numerical guides for maximum exposure of a) the whole body. head and trunk.
active blood-forming organs. gonads. and lens of eve: b) thyroid and skin of
the whole body: ¢) hands and forearms. feet and ankles; d) bone. and e} other
organs. A consequence of this approach when several different parts of the
body are exposed simultaneously is that only the part that receives the highest
dose relative to its respective guide is decisive for limiting the dose.

Current knowledge permits a more comprehensive approach that takes into
account the separate contributions to the total risk from each exposed part of
the body. These recommendations incorporate the dose weighting system
introduced for this purpose by the ICRP in 1977 That system assigns weighting
factors to the various parts of the body for the risks of lethai cancer and
serious prompt genetic effects (those in the first two generations). these
factors are chosen so that the sum of weighted dose equivalents represents a
risk the same as that from a numerically equal dose equivalent to the whole
body. The ICRP recommends that the effective (i.e. weighted) dose equivalent
incurred in any vear be limited to 5 rems. Based on the public response to the
similar proposal published by EPA in 1981 and Federal experience with
comparable exposure limits. the Federal agencies concur. These recommenda-
tions therefore replace the 1960 whole body numerical guides of 3 rems per
quarter and 5(N-18) rems cumulative dose equivalent (where N is the age of
the worker) and associated critical organ guides with a limiting value of 5
rems effective dose equivalent incurred in any year. Supplementary limiting
values are also recommended to provide protection agamst those health
effects for which an effective threshold is believed to exist.

In recommending a limiting value of 5 rems in any single year. EPA has had to
balance a number of considerations. Public comments confirmed that. for
some beneficial activities. occasional doses aproaching this value are not
reasonably avoidable. On the other hand. continued annual exposures at or
near this level over substantial portions of a working lifetime would, we
believe. lead to unwarranted risks. For this reason such continued annual
exposures should be avoided. and these recommendations provide such guid-
ance. As noted earlier. these recommendations also continue a system of
protection which combines limiting values for maximum dose with a require-

-
—~
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ment for active application of measures to minimize doses—the ALARA
requirement. This has resulted in steadily decreasing average annual doses to
workers (most recently to about one-fiftieth of the recommended himiting
value). and. to date. only a few hundred out of millions of workers have
received planned cumulative doses that are a substantial fraction of the
maximum previously permitted cumulative dose over an occupational lifetime.
EPA anticipates that the continued application of the ALARA requirement.
combined with new guidance on avoidance of large cumulative doses. will
result in maintaining risks to all workers at low levels. EPA will continue to
review worker doses with a view 0 initiating recommendations for any’
further modifications of the dose limitation svstem that are warranted by
future trends in worker exposure.

Certain radionuclides. if inhaled or ingested. may remain in and continue to
irradiate the body for many yvears. These recommendations provide that
radionuclides should be ccntained so as to minimize intake, to the extent
reasonably achievable. When avoidance of situations that may result in such
intake is not practical. the recommendations distinguish between pre-expo-
sure and post-exposure situations. With respect to the former. Federal agen-
cies should base control of prospective internai exposure to radionuclides (e.8.
facility design. monitoring. training. and operating procedures) upon the entire
future dose that may result from .any intake (the committed dose). not just
upon the dose accrued in the year of intake. This is to assure that. prior to
exposure to such materials. proper account is taken of the risk due to doses in

future years.

With respect to post-exposure situations. most significant internal exposure to
radionuclides occurs as the result of inadvertent intakes. In the case of some
long-lived radionuclides. it may also be difficult to measure accurately the
small quantities corresponding to the recommended numerical guidance for
control of committed doses. in such cases. when workers are inadvertently
exposed or it is not otherwise possible to avoid intakes in excess of these
recommendations for control of committed dose. it will be necessary to take
appropriate corrective action to assure control has been reestablished and to
properly manage future exposure of the worker. In regard to the latter
requirement. provision should be made to continue to monitor the annual dose
received from radionuclides in the bodv as long as they remain in sufficient
amount to deliver doses significant compared to the limiting valises for annual
dose. These recommendations extend those of the ICRP. because it is appro-
priate to maintain active management of workers who exceed the guidance for
committed dose in order that individual differences in retention of such
materials in the body be monitored. and to assure, whenever possible. con-
formance to the limiting values for annual dose.

These recommendations also incorporate guidance for limiting exposure of the
unborn as a result of occupational exposure of female workers. It has long
been suspected that the embryo and fetus are more sensitive to a variety of
effects of radiation than are adults. Although our knowledge remains incom-
plete. it has now become clear that the unborn are especially subject to the
risk of mental retardation from exposure 10 radiation at a relatively early
phase of fetal development. Available scientific evidence appears to indicate
that this sensitivity is greatest during the period near the end of the first
trimester and the beginning of the second trimester of pregnancy, that is. the
period from 8 weeks to about 15 weeks after conception. Accordingly. when a
woman has declared her pregnancy. this guidance recommends not oniy that
the total exposure of the unborn be more limited than that of adult workers.
but that the monthly rate of exposure be further limited in order to provide
additional protection. Due to the incomplete state of knowledge of the transfer
of radionuclides from the mother to the unborn {and the resulting uncertainty
in dose to the unborn). in those few work situations where intake of radionu-
clides could normally be possible it may also be necessary to institute
measures to avoid such intakes by pregnant women in order to satisfy these
recommendations.
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The health protection objectives of this guidance for the unborn should be
achieved in accordance with the provisions of Tutle VII of the Civil Rights Ac:
of 1984, as amended. with respect to discrimination in emplovment practices.’
The guidance applies only to situations in which the worker has voluntaniy
made her pregnancy known to her employer. Protection of the unborn may be
achieved through such measures as temporary job rotation. worker self:
selection. or use of protective equipment. The guidance recognizes that protec-
tion of the unborn is a joint responsibility of the emplover and worker
Workers should be informed of the risks invoived and encouraged to voluntar-
ilv make pregnancies known as early as possible so that any temporary
arrangements necessary to modify exposures can be made. Conversely. em-
ployers should make such arrangements in a manner thal mimmizes the
impact on the worker.

The recommended numerical guidance for limiting dose 10 workers applies 10
the sum of dose from external and internal sources of radiation. This proce-
dure is recommended so as to provide a single limit on the total nsk from
radiation exposure. Therefore. in those cases where both kinds of radiation
sources are present. decisions about the control of dose from internal sources
should not be made without equal consideration of their imphcation for dose
from external sources.

The guidance emphasizes the importance of recordkeeping for annual. com-
mitted. and cumulative {lifetime) doses. Such recordkeeping should be de-
signed to avoid burdensome requirements for cases in which doses are
insignificant. Currently. regulatory records are not generally required for doses
small compared to regulatory limits for annual external and internal doses
Under this guidance such regulatory practices would continue to be appropn-
ate if due consideration is given to the implications of summng nternal and
external doses and to recordkeeping needs for assessing cumulative doses. To
the extent reasonable such records should be established on the basis of
individual dosimetry rather than on monitoring of exposure conditions.

In summary. many of the important changes from the 1960 guidance are
structural. These include introduction of the concep! of risk-based weighting
of doses to different parts of the body and the use of committed dose as the
primary basis for control of internal exposure. The numerical values of the
guidance for maximum radiation doses are also modified. These changes bring
this guidance into general conformance with international recommendations
and practice. In addition. guidance is provided for protection of the unborn.
and increased emphasis is placed on eliminating unjustified exposure and on
keeping justified exposure as low as reasonably achievable. buth long-stand-
ing tenets of radiation protection. The guidance emphasizes the mportance of
instruction of workers and their supervisors. monitoring: and recording of
doses to workers. and the use of administrative control and reference levels
for carrving out ALARA programs.

These recommendations apply to workers exposed to other than normal
background radiation on the job. It is sometimes hard to identify such workers
because evervone is exposed to natural sources of radiation and many
occupational exposures are small. Workers or workplaces subject to this
guidance will be identified by the responsible implementing agencies. Agen-
cies will have to use care in determining when exposure of workers does not
need to be regulated. In making such determinations agencies shouid consider

*The Civil Rights Act of 1964. as amended. provides that “1t shall be an unlawful emplovment
ptactice for an emplover (1} to fail or refuse to hire or to discharge any individual. or otherwise 10
disciminate against any individual with respect to his compensation. terms. ronditions. or
privileges of employment. because of such individual's . . sex _or (2) to limit. segregate. ur
classify his empiovees or applicants for employment in any way which would deprive or tend tu
deprive anv individual of employment opportunities or otherwise adversely affect his stctus as an
emplovee. because of such individual's . . . . sex .. {42 U.S.C. 2000e-2(a]]. The Pregnancy
Discrimination Act of 1978 defines “because of sex” to include becsuse of or an the buss of
pregnancy. childbirth. or related medical condinions |42 tI'S C. 2000eik}}
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both the collective dose which is likely to be avoided through regulation and
the maximum individual doses possible.

Implementation of these recommendations will require changes that can
reasonably be achieved only over a period of time. It is expected that Federal
agencies will identify any problem areas and provide adequate flexibility and
the necessary transition periods to avoid undue impacts. while at the same
time assuring reasonably prompt implementation of this new guidance.

Upon implementing these recommendations. occupational exposure should be
reduced. It is not possible to quantify the overall exposure reduction that will
be realized because it cannot be predicted how efficiently these recommenda-
tions will be implemented or how much of existing exposure is unnecessary.
These recommendations reduce the maximum whole body dose that workers
may receive in any one year by more than half (i.e.. from 3 rems per quarter to
5 rems per vear). require that necessary exposure to internal radioactivity be
controlled on the basis of committed dose. require that internal and external
doses be considered together rather than separately. and provide increased
protection of the unborn. We also expect the strengthened and more explicit
recommendations for maintaining occupational exposure “as low as reason-
ably achievable” will improve the radiation protection of workers. Finally,
these recommendations would facilitate the practice of radiation protection by
introducing a self-consistent system of limits in accordance with that in
practice internationaily.

Recommendations

The following recommendations are made for the guidance of Federal agen-
cies in their conduct of programs for the protection of workers from ionizing
radiation.

1. There should not be any occupational exposure of workers to ionizing
radiation without the expectation of an overall benefit from the activity
causing the exposure. Such activities may be allowed provided exposure of
workers is limited in accordance with these recommendations.

2. No exposure is acceptable without regard to the reason for permitting it.
and it should be general practice to maintain doses from radiation to levels
below the limiting values specified in these recommendations. Therefore. it is
fundamental to radiation protection that a sustained effort be made to ensure
that collective doses. as well as annual. committed. and cumulative lifetime
individual doses. are maintained as low as reasonably achievable (ALARA].
economic and social factors being taken into account.

3. In addition to the above recommendations. radiation doses received as a
result of occupational exposure should not exceed the /imiting values for
assessed dose to individual workers specified below. These are given sepa-
rately for protection against different types of effects on health and apply to
the sum of doses from external and internal sources of radiation. For cancer
and genetic effects. the limiting value is specified in terms of a derived
quantity called the efiective dose equivalent. For other health effects. the
limiting values are specified in terms of the dose equivalent'® to specific
organs or tissues.

' “Dose equivalent” is the product of the absorbed dose. a quality factor which varies with the
energy and type of radiation. and other modifving factors. as defined by the International
Commussion on Radiauon Units and Measurements.’
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Cancer and Geneti
c Effects. Th i .
year by an adult worker lhoulden:?:i:ve dose equivaient. H,. received in any

dose equivalent is defined as: eed 5 rems (0.05 sievert).? The effective
He = E A 3
T

where we is 8 weighting factor and Hy is the annual dose equi
over -organ or tissue T. Values of w, and their correspg::i‘{:;“gr::::-z;%
tissues are: .

Gonads . 0.25
Breasts........e 0.15
Red DONE MBITOW wcuierrmscssmsassstsnssnsesees .01
Lungs e 042
Thyroid

Bone surfaces
R a4 3

For the case of uniform irradiation of the whole body. where Hy may be
assumed the same for each organ or tissue. the effective dose equivalent is
equal to the dose equivalent to the whole body.

Other Health Effects. In addition to the limitation on effective dose equivalent.
the dose equivalent, Hr. received in any year by an adult worker should not
exceed 15 rems {0.15 sievert) to the lens of the eye. and 50 rems (0.5 sievert) to
any other organ. tissue (including the skin). or extremity * of the body.

Additional limiting values which apply to the control of dose from internal
exposure to radionuclides in the workplace are specified in Recommendation
4. Continued exposure of a worker at or near the limiting values for dose
received in any vear over substantial portions of a working lifetime should be
avoided. This should normally be accomplished through application of appro-
priate radiation protection practices established under Recommendation 2.

4. As the primary means for controlling internal exposure to radionuclides.
agencies should require that radioactive materiais be contained. to the extent
reasonably achievable. so as 10 minimize intake. In controlling internal expo-
sure consideration should aiso be given to concomitant external exposure.

The control of necessary exposure of adult workers to radioactive materials 1n
the workplace should be designed. operated. and monitored with sufficient
frequency to ensure that. as the result of intake of radionuclides in a year. the
following limiting values for control of the workplace are satisfied: (a) the
anticipated magnitude of the committed effective dose equivalent from such
intake plus any annual effective dose equivalent from external exposure will
not exceed 5 rems (0.05 sievert). and (b) the anticipated magnitude of the
committed dose equivalent to any organ or tissue from such intake plus any
annual dose equivalent from external exposure will not exceed 50 rems (0.5
sievert). The committed effective dose equivalent from internal sources of
radiation. Hg so. is defined as:

1 = p
“e. 50 2 ‘- Be 50

-
'S

—————

- 2The unit of dose equivalent in the system of special quantities for 1onizing radiation currently
in use 1n the United States 1s the “rem “in the recently-adopted international system {51} the uni!
of dose equivalent s the ~gievert”. One sievert = 100 rems. :

3 “Remainder” means the five other organs (such as liver. kidneys. spleen. brain. thymus.
adrenals. pancreas. stomach. small intestine. upper large intestine. and lower large intestine. but
excluding skin. lens of the eve. and extremities) with the highest doses. The weighting factor for
each such organ 1s 0.06.

« “Extremity” means the forearms and hands. or the lower legs and feet.
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where wy is defined as in Recommendation 3 and the committed dose
equivalent, Hyso. is the sum of all dose equivalents to organ or tissue T that
may accumulate over an individual's anticipated remaining lifetime (taken as
50 years) from radionuclides that are retained in the body. These conditions
on committed doses should provide the primary basis for the control of
internal exposure to radioactive materials.®

In circumstances where assessment of actual intake for an individual
worker shows the above conditions for control of intake have not been met.
agencies should require that appropriate corrective action be taken to assure
control has been reestablished and that future exposure of the worker is
appropriately managed. Provision should be made to assess annual dose
equivalents due to radionuclides retained in the body from such intake for as
long as they are significant for ensuring conformance with the limiting values
specified in Recommendation 3.

5. Occupational dose equivalents to individuals under the age of eighteen
should be limited to one-tenth of the values specified in Recommendations 3
and 4 for adult workers.

6. Exposure of an unborn child should be less than that of adult workers.
Workers should be informed of currrent knowledge of risks to the unborn®
from radiation and of the responsibility of both employers and workers to
minimize exposure of the unborn. The dose equivalent to an unborn as a result
of occupational exposure of a woman who has declared that she is pregnant
should be maintained as low as reasonably achievable. and in any case
should not exceed 0.5 rem (0.005 sievert) during the entire gestation period.
Efforts should be made to avoid substantial variation above the uniform
monthly exposure rate that would satisfy this limiting value. The limiting
value for the unborn does not create a basis for discrimination. and should be
achieved in conformance with the provisions of Title VII of the Civil Rights Act
of 1964. as amended. regarding discrimination in employment practices, in-
cluding hiring. discharge, compensation. and terms. conditions, or privileges of
employment.

2. Individuals occupationally exposed to radiation and managers of activities
involving radiation should be instructed on the basic risks to health from
ionizing radiation and on basic radiation protection principles. This should. as
a minimum. include instruction on the somatic {including in utero) and genetic
effects of ionizing radiation. the recommendations set forth in Federal radi-
ation protection guidance for occupational exposure and applicable regule-
tions and operating procedures which implement this guidance. the general
levels of risk and appropriate radiation protection practices for their work
situations. and the responsibilities of individual workers to avoid and mini-
mize exposure. The degree and type of instruction that is appropriate will
depend on the potential radiation exposures involved.

8. Appropriate monitoring of workers and the work place should be performed
and records kept to ensure conformance with these recommendations. The
types and accuracy of monitoring methods and procedures utilized should be
periodically reviewed to assure that appropriate techniques are being compe-
tently applied.

Maintenance of a cumulative record of lifetime occupational doses for each
worker is encouraged. For doses due to intake of radioactive materials. the
committed effective dose equivalent and the quantity of each radionuclide in
the body should be assessed and recorded. to the extent practicable. A
summary of annual. cumulative. and committed effective dose eguivalents
should be provided each worker on no less than an annual basis: more

s When these conditions on intake of radioactive matenals have been satisied. it 15 not
necessary to assess contributions from such intakes to annual doses in future vears. and. as #n
operational procedure. such doses may be assigned to the year of intake for the purpose of
assessing comphance with Recommendation 3.

¢ The term “unborn” is defined to encompass the period commencing with conception and
ending with birth.
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detailed informatio 1
upon the worker'.f: rr;:::si.emm.g his pr her exposure should be made available

9. Radiation expo.

and maintameg t:u::x:\;zl?;:la?l:z:'m‘“ should be designed. selected. utilized.
tives of this guidance. Ealablishmel::p:f‘:%x:?g;::t‘;ledo'e: Tfet ‘lhs ‘\;b'ec.
the limiting values for control may be control levels’ below
objective. Reference levels® mayyalsoul;eef:::f?x? gpm::::ef?;: ch:e; s
such actions as recording. investigation. and intervention. Since :f::h :)d‘ake
istrative control and reference levels will often involve ALARA cons:‘c\l‘enr:
ations. they may be developed for specific categories of workers or work
situations. Agencies should encourage the establishment of measures by
which management can assess the effectiveness of ALARA efforts. including.
where appropriate. local goals for limiting individual and collective occupa-
tional doses. Supervision should be provided on a part-time. full-time. or task-
by-task basis as necessary to maintain effective control over the exposure of

workers.

106. The numerical values recommended herein should not be deliberately
exceeded except during emergencies. oOf under unusual circumstances for
which the Federal agency having jurisdiction has carefully considered the
reasons for doing so in light of these recommendations. If Federal agencies
authorize dose equivalents greater than these values for unusual circum-
stances. they should make any generic procedures specifving conditions under
which such exposures may occur publicly available or make specific instances
in which such authorization has been given a matter of public record

The following notes are provided to clarifv application of the above recom-
mendations:

1. Occupational exposure of workers does not include that due to normal
background radiation and exposure as a patient of practitioners of the healing
arts.

2. The existing Federal guidance (34 FR 576 and 36 FR 12921 for hmiting
exposure of underground miners to radon decay products applies independ-
ently of. and is not changed by. these recommendations.

3. The values specified by the International Commission on Radiological
Protection (ICRP) for qualty factors and dosimetric conventions for the
various types of radiation. the models for reference persons. and the resulis of
their dosimetric methods and metabolic models may be used for determining
conformance to these recommendations.

4. "Annual Limits on Intake” (ALls) and/or “Derived Air Concentrations”
(DACs) may be used to limit radiation exposure from intake of or immersion
in radionuclides. The ALl or DAC for a single radionuclide 1s the maximum
intake 1n a year or average air concentration for a working vear. respectively.
for a reference person that. in the absence of any external dose. sausfies the
conditions on committed effective dose equivalent and committed dose equis-
alent of Recommendation 4. ALlIs and DACs may be derived for different
chemical or physical forms of radioactive materials.

5. The numerical values provided by these recommendations do not apply to
workers responsible for the management of or response to emergencies.

These recommendations would replace those portions of current Federal
Radiation Protection Guidance (25 FR 4402) that apply to the protection of
workers from ionizing radiation. It 1s expected that individual Federal agen-
cies. on the basis of their knowledge of specific worker exposure situations.

1 Admimistrative contrul levels are reyuirements determined by a competent authonty or the
mansgement of an insutution or facility They are not prnimary himits. and may therefore be
uxceeded. upun approval of competent authurity or management. as siluahions dictate

» Reference levels are not imits. and may be expressed in terms of anv useful parameter They
wre used to determine a course of sction. such as recording. Investigation. or intervention when
the value 0 # parameter exceeds. or 1s projected to exceed. the reference ievel
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will use this new guidance as the basis upon which to revise or develop

detailed standards
administrative jurisdiction. The Environmental Protection

and regulations to the extent that they have regulatory or

Agency will keep

informed of Federal agency actions to implement this guidance. and will issue

any necessary clarifications and interpretations required 10
mation. so as to

reflect new infor-

promote the coordination necessary 10 achieve an effective

Federal program of worker protection.

If you approve the foregoing recommendations

for the guidance of Federal

agencies in the conduct of their radiation protection activities. 1 further

recommend that this memorandum

|FR Doc. 87-1716
Filed 1-22-87: 9:44 um]
Billing code 6560-50-M

be published in the Federal Register.
Lee M. Thomas.

Admimstrator. Environmentc:
Protection Agency
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FEDERAL RADIATION COUNCIL

RADIATION PROTECTION GUIDANCE
FOR FEDERAL AGENCIES

Memorandum for the Prevident

Pursuant to Executive Order 10831 and
Fublic Law 86-373. the Federal Radia-
tion Councii has made a study of the
hazards and use of radiation. We here-
wiih transmit our first repors to you
coacermung our findings and our recom-
mendations for the guidance of Federal
agencies in the conduct of their radia-
tion protection activities.

It 1s the statutory responsibility of the
Council to “* * ° advise the President
with respect to radiation matters, di-
rectly or indirectly affecting health,
including gwdance for all Federal agen-
cies 1n the formulatuion of radiation
standards and 1n the establisnment and
execution of programs of cocperation
with States * * ' *"

Fundamentally. setting basic radiation
protection standards 1nvoives passing
Judgment on the extent of “he possible
heslth hazard society 1S willing to accept
in order to realize the known benefits
¢! radiation. It involves inevitably s
balancing between total healtn protec-
tion, which might require foregoing any
activities increasing exposure 0 radia-
tion. and the vigorous promotion of the
use of radiztion and atofuc energy in
order o achieve optimum benefits.

The Federal Radiation Council hes
reviewed available knowledge on radia-
tion effects and consulted with scientists
within and outside the Government.
Each member has also examined the
guidance recommended in this memo-
randum in light of his statutory responsi-
bilities. Althouzh the guidance does not
cover ail phases of radiation protection.
such as internal emitters. we find that
the guidance which we recommend that
you provide for the use of Federal agen-
cies gives mppropriate consideration to
the requirements of heslth protection
and the beneflcial uses of radiation and
atomic energv. Our further findings and
recommendations follow.

Discussion. The fundamental problem
in establishing radiation protection
guides is to allow as much of the bene-
ficial uses of ionizing radiation as pos-
sible while assuring thai man is not
exposed to undue hazard. Toget s true
insight into the scope of the problem
and the impact of the decisions involved,
a review of the benefits and the hazards
is necessary.

1t is important in considering both the
benefits and hazards of radiation to ap-
preciate that man has existed through-
out his history in s bath of natural
radiation. ‘This beckground radiation,
which varies over the earth, provides s
partial basis for understanding the ef-
fects of radiation on man and serves as
an indicator of the ranges of radiation
exposures within which the human popu-
lation has develored and increased.

The benefits of ionizing radiation.
Radiation properly controlled is s boon
to mankind. It has been of inestiinable
value in the diagnosis and treatment of
discases. It can provide sources of
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energy greater than .

yet had available. !n.xﬂzu‘st::&“itrllsd u::;
as a tool to measure thickness, quantity
or quality, to discover hidden flaws, to
trace liquid flow, and for other purposes
S0 many research uses for 10nizing radia-
tion have been found that scientists in
msany diverze fields now rank radiation
x‘:;h wt;xle microscope in value as & work-

The hazards of ionrizin iati
Tonizing radiation mvolvesghe:grlxag::.'
ards just us do many other useful tools
Scientific fndings concermung the bio-
logical effects of radiation of most im-
mediate mnierest to the establishment of
radiation protection standards are the
following:

1. Acute cdoses of radiation may pro-
duce immediate or delayed eflects, or
both. .

2 As scute whole body doses increase
above approximately 25 rems (units of
radiation dose'. ummediately observable
effects increase in severity with dose.
peginning from  barely detectable
changes, to biological signs clearly indi-
cating damage, to death at leveis of &
few hundred rems.

3. Delayed effects produced either by
scute irradiation or by chronic irradia-
tion are similar in kind, but the ability of
the body to repsir radistion damage is
usually more effective in the case of
ehronuc than acute irradiation.

4. The delayed effects from radiation
are in general indistinguishable from
familiar pathological conditions usually
present in the population.

5. Delaved effects include geneuc
effects (eftects transmitted to succeeding
generations:', increased 1ncidence of
tumors, lifespan shorterung, and growih
and deveiopment changes.

6. The child, the infant. and the un-
born infant appear to be more sensitive
to radiation than the aduit.

7. The various organs of the body difter
in their sensitivity to radiation.

8. Although loruzing radiation can in-
duce genetic and somatic effects teffects
on the individual durng his lifetume
other than genetic effects), the enidence
at the present time 1s insufficient to jus-
tity precise conclusions on ihe nature of
the dose-effect relationship at low coses
and dcse rates. Moreover, the evidence
is irsufficient to prove either the hypoth-
esis of & “damage threshold” (a point
below which no damage occurs) or the
hypothesis of “no threshold” in man at
low doses.

Reprint from Federal Register - 5/18/60

9. Ifone assumcs a direct hinear o'
tion beiween biclomicci effect and i
am-unt of dosc. :t Lhen becSMEs FCIs. i€
to rciate very iox Gose to an assumed
biolomeal eflect even thouph it is nct ge-
tectable. 1. s generally agreed tnat the
:g:::dth‘a; mayv actyaly occur wil not
3 e amount 3

.-“Bmpugn precicted by this

asic biolog:cal assumplions. ke
are nsuriciern: data Lo provice :1:1:::'
basis for evaiualing radiation efacis 10.:

WS

all types and levels of irr av,

is particular u.ncena;mya :’?&Tzs;& o

the biological eflects at very low doses

and low-dose rates. It 1s not prudent

therefore to assume that there i1s & leve:

of radiation exposure below which there

is absolute cer:ainty that no effect .may
occur. Tus consideration, wn addition
to the acoption of the conservative hy-
pothesis of a hinear relauon t2tween bio-
logical effect and the amount of dose,
determines our basic approach tw the
formulation of radiation protesi.on
guides.

The lack of adequate scientific infor-
mation makes it urgent that additional
research be undertaken and new data
developed to provide a firmer basis for
evaluating biological risk. Appropriate
member agencies of the Federal Radia-
tion Council are sponsoring and encours
aging research in these areas.

Recommendaiions. In view of the
findings sumumartzed above the following
recommendations are made:

It 1s recommended that:

1. There shculd not be any man-made
radiation exposure without the expecta-
tion of benefit resulting from such ex-
posure. Activities resuliing in man-made
radiation exposure should be authorized
for useful applications provided in rec-
ommendations set forth heremn are
followed.

It is recommended that:

2. The term “Radiation Protection
Guide” be adopted for Federal use. This
term is defined as the radiation dose
which should not be exceeded without
carcful consideration of the reasons for
downg so; every eflort should be made to
encourage the maintenance of radiation
doses as far below this guide as
practicable.

It is recommended that:

3. The follow:ng Radiation Protection
Guides be adopted for normal peacetime
operations.

T vpe of caposure Conditton I Trose (rem)
Radiation worker:
iy Whele pealv, heatd and trunk, active blood torm- |1 ccumnlated dou.....‘ $ timres the pumber of years beyond
1Ny OTERNS, CONBIS, OF iens of ¢yc. l 3 age 18
(U} Bhin of whole houy 80d thYTOM. ccevuenenassees Y . | ::g.
(€} Tisnds and forearms, fect snd ankies e | ;3:
(@) Done. 1ody BUTIEN . .smomrer n.il m::'ro:vllm &l ::Imm-af. or 8
Jologicel equivalent.
(v} Other argans.. HYenr..... 18.
113 weeks. . &
Population:
() Indivicinal Year.. 05 (whole body).
(b} Average - 30 year 3 (gonads)

The following points are made in re-
lation to the Radiation Protection
Guides herein provided:

(1) For the individual in the popula~
tion, the basic Guide for annual whole
body dose is 0.5 rem. This Guide ap-
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the individual whole body
known. As an operational
technique, where the individual .whole
body doses are not known. s suitable
sample of the exposed populstion should
be developed whose protection guide for
annual whole body dose will be 0.17 rem
per capita per year. 1t is emphasized
that this is an onal technique
which should be modified to meet spe-
cial situations.

(2) ConsiGerations of populstion ge-
netics impose a per capits dose limitation
for the gonads of 5 rems in 30 years.
The operational mechanism described
above for the annual individual whole
body doee of 0.5 rem is likely in the ime-
mediate future to assure that the go-
nadal exposure Guide (5 Tem in 30
years) is not exceeded.

(3) These Guides do not differ sub-
stantially from ecertain other recom-
mendations such as those made by the
National Committee on Radiation Pro-
tection and Measurements, the National
Academy of Sciences, and the Interna-
tional Comrmission on Radiological
Protection.

(4) The term “maximum permissible
dose” is used by the National Committee
on Radiation Protection (NCRP) and
the International Commission on Ra-
diological Protection (ICRP).

plies when
dosss are

ICRP.

(5) There can be no single permissible
or acceptable level of exposure without
regard to the reason for permitting the
exposure. It shquld be general practice
to reduce exposure to radistion, and pos-
itive effort should be carried out to ful-
fill the sense of these recommendations.
It is bamic that exposure to radiation
should result from a real determination
of 1ts Decessity

«o) There can be different Radiation
Protection Guides with different numer-
ical values, depending upon the circum-
stances. The Guides herein recom-
mended sre sappropriate for normal
peacetime operstions.

(7) These GQuides are not intended to
apply to radiation exposure resulting
from natural background or the pur-
poseful exposure of patients by practi-
tioners of the healing arts.

(8) It is recognized that our present
scientific knowledge does not provide &
firm foundation within a factor of two
or three for selection of any particular
npumerical value in preference to another
value. It should be recognized that the
Radiation Protection QGuides recom-
mended in this paper are well below the
level where biological damage has been

It is recommended that:

4. Current protection guides used by
the agencies be continued oo an interim
basis for organ doses to the population.

Recommendations are not made coa-
cerning the Radiation Protection Guides
for individual organ doses to the popu~
latton, other than the gonads. Unfor-
tunately, the complexities of establishing
guides applicable to radiation exposure
of all body organs preclude the Council
trom making recommendations concern-
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{ng them at this time. However, current

protection guides used by the agencies

appesar appropriate on an intertm basis.
1t is recommended that:

5. The term “Radiocactivity Coneen-
tration Guide” be adopted tor PFederal
use. This term is defined as the concens~
tration of radioactivity in the environ-
ment which is determined to resuit i
whole body or organ doses equal to the
Radistion Protection Guide.

wWithin this definition, Radioactivity
Concentration Guides can be determined
after the Radiauon
are decided upon. Any given Radioac-
tivity Concentration Guide is applicable
only for the circumstances under which
the use of its corresponding Radiation
Protection Guide is appropriate.

It is recommended that:

6. The Federsl agenciles, as an intertm
measure, use radioactivity concentration
guides which are consistent with the rec-
ommended Radiation Protection Guides.
Where no Radiation Protection Guides
are provided, Federal agencies continue
present practices.

No specific numerical recommenda-
tions for ‘Radiosctivity Concentration
Guides are provided at this time. How-
ever, concentration guides now used by
the agencies appear Appropriate on &n
ipterim basis. Where sppropriate radio-
sctivity concentration guides are not
available, and where Radiation Protec-
tion Guides for specific organs are pro-
vided herein, the latter Guides can be
used by the Federal agencies a3 & start-
ing point for the derivation of radio-
activity concentration guides applicable
to their particular problems. The Fed-
eral Radiation Council has also initiated
action directed towsards the development
of additional Guides for radiation
protection. :

It is recommended that:

7. The Federal agencies apply these
Radiation Protection Guides with judg-
ment and discretion, to assure that rea-
sonable probability is achieved in the
attainment of the desired goal of protect-
ing man from the undesirable eftects of
radiation. The Guides may be exceeded
only after the Federal agency having
jurisdiction over the matter has carefully
considered the resson for doing 80 in
light of the recommendations in this
paper.

The Radiation Protection Guides pro-
vide a general framework for the radia-
tion protection requirements. It i
expected that each Federal agency, by
virtue of its immediate knowledge of i
operating problems, will use these Guides
as s basis upon which to develop detailed
standards tailored to meet its particular
requirements. The Council will follow
the activities of the Pederal agencies in
this area and will pramote the necessary
coordination to achieve an effective
Federal program.

If the foregoing recommendations are
approved by you for'the guidance of
Pederal agencies in the conduct of their
radiation protection activities, it is fur-
ther recommended that this memoran-
dum be published in the FEDERAL
REGISTER.

ArTrUR 8. FLEMMING,
Chairman,
Federal Radiation Council.

Protection Guides
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The recommendations numbered “1%

through “7- contained In the apove

memorandum Aare approved for the

of Pederal agencies, and the

memorandum shall be published 1o the
FIDERAL REGISTER.

Dwicn? D. EISINEOWER
May 13, 1960.

{PR. Doc. 60-4339:
8:81

Mied. May 17, 1960;
am.}



APPENDIX C

'BACKGROUND MATERIAL

Units: The International Commission on Radiological Units and Measurements (ICRU) selects
and defines radiation quantities and units. ICRU Report 33 (ICRU 1980) contains authoritative
definitions for most of the quantities used in this Report.

In recent years a number of “special units” adopted into the International System of Units (SI)
have begun to replace the older conventional radiation units (ICRU 1980). In this report, both sets
of units are used.

Absorbed Dose: The absorbed dose, D, is the differential de/dm, where de is the mean energy
imparted by ionizing radiation to a small volume of matter of mass dm. Absorbed dose to an organ
is generally averaged over its entire mass. The conventional and SI units of absorbed dose are the

rad and the gray (Gy), respectively.

Dose Equivalent: For purposes of radiation protection, it is desirable to usc a measure of dose,
for all types of ionizing radiation, that correlates to the biological effect on a common scale. The
dose equivalent, H, is defined for this purpose as the product of D, Q, and N at the point of interest
in ‘tissue, where D is absorbed dose, Q is a quality factor, and N is the product of all other
modifying factors:

H=DQN , T (C-D

The conventional and SI units of dose equivalent are the rem and the sievert (Sv), respectively.

Quality Factor. In the past, the absorbed dose was modified, for the purposes of radiation
protection, by the Relative Biological Effectiveness (ICRP 1959, NCRP 1959). The RBE of a type
of radiation is defined as the ratio of the absorbed dose of a reference radiation to the absorbed
dose of the radiation in question that would produce an equivalent radiobiological response. To
avoid confusion, usage of the RBE is now restricted to radiobiology. The factor used in radiation
proiection to modify absorbed dose, so as t0 obtain dose equivalent, is called the quality factor, and

denoted Q.

The quality factor is independent of the organ of tissue under consideration and of the
biological endpoint. Because ‘the uncertainties involved in estimating dose equivalent are large
relative to the variation in stopping power for a particular radiation, Q is usually assigned a
constant value for each particular type of radiation.

in ICRP Publication 2, 2 quality factor (then called the RBE) of 10 was recommended for
alpha radiation. The NCRP has recently recommended the following values of Q (NCRP 1987b):
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1 for X-rays, gamma rays, beta particles, and electrons:

Q = § for thermal neutrons;

20 for neutrons (other than thermal), protons, aipha particles,
and multiply-charged particles of unknown energy.

The Quality factors employed in ICRP Publications 30 and in the present Report are:

1 for beta particles, electrons, and all
Q = _ electromagnetic radiations;
10 for spontancous fission neutrons and protons;
20 for alpha particles, recoil particles, and fission fragments.

Only a few radionuclides (e.g., Cf-252, ...) that might enter or submerge the bodies of workers are
neutron emitters, and changes in the value of the quality factor for neutrons would have minor
influence on ALIs and DACs for these radionuclides. As noted in the text, however, revision of Q
for some alpha-emitters has affected the derived guides. '

Modifying Factor: ICRP Publication 2 defined a relative damage factor, denoted n, that
played a role comparable to N of equation (C-1). The relative damage factor n was assigned
values of 1 or 5, depending upon the assumed spatial distribution of the radionuclide; n plays no
role in ICRP 30, however, and the factors FS and FV of the SEE account for the distribution of
radionuclides on and within bone. (See equation 13 of the text.) The ICRP recommends that the

product of all modifying factors, N, should be taken as ! (ICRP 1977).

Estimation of Energy Deposition. The dosc ecquivalent to any organ depends upon the
dimensions, locations, and compositions of all tissues in the body, on the distribution of the
radioactive materials among those tissues, and on the energies and intensities of the various
radiations emitted in nuclear transformations.

In Publication 2, the dose equivalent rate in an organ was based on the activity of radionuclide
present in that organ only, and on its effective radius.

With the advent of high-speed computers, and improved capability to model the interaction of
radiation with matter, more accurate and detailed calculations of energy deposition have been
developed. For the tables in the present Report, the committed dose cquivalent in target organ or-
tissue T arising from inhalation or ingestion of a radionuclide incorporates all sources of exposure
S, and is calculated from:

Hrso = K 3 Us SEE(T—S) . (C-2)-
S .

The specific effective energy SEE(T =« S) is, within a constant factor, the dose equivalent
imparted to target tissue T per nuclear transformation in source organ S. It depends upon the
details of the nuclear transformations of the radionuclide, including the quality factors of the
emitted radiations, and upon the distribution of absorbed energy among body tissues.

Us is the total number of nuclear transformations that occur in source organ S over 50 years.
It is computed as the integral of the time-dependent activity residing in the organ, and it thus

reflects the metabolism of the radionuclide in the body.
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The numerical value of the constant K depends on the units specified for Hr.so, SEE, and Us.
In ICRP Publication 30, Hyso is expressed in Sv, SEE in MeV/g-nuclear transformation, and Ug
in nuclear transformations. K then assumes the value 1.6 x 107'9Sv-g/MeV.

Reference Man. A well-defined characterization of man in terms of both anatomical and
physiological parameters is needed to establish intake and concentration guides.  The
recommendations of Publication 2 were based on Standard Man as defined in that publication. The
ICRP, noting the need for a more detailed representation, formed a Task Group on Reference Man.
Their report, Publication 23 (ICRP 1975), provides the basic anatomical and physiological data

required for the dosimetric evaluations that were used for this report.




A(t)
Bq
Ci

T e o g

Hr
HE.ext
HT.ext
Heso
Hr.so
b so

hts0

hE.ext
hT.ext

kg

MBgq
MeV

uCi
um
n, N
RBE

SEE
Sv

SYMBOLS AND UNITS

Activity at time t

Becquerel

Curie

centimeter

dose: or lung clearance class (day)
day

fractional uptake of nuclide from small intestine to blood

gram
dose equivalent
effective dose equivalent

dose equivalent averaged over tissue or organ T
effective dose equivalent from external irradiation
dose equivalent averaged over tissuc or organ T from external irradiation

committed effective dose equivalent

committed dose equivalent averaged over tissue or organ T
effective dose equivalent conversion factor, the committed effective

dose equivalent per unit intake

tissue dose equivalent conversion factor, the committed dose
equivalent in tissue or organ T per unit intake

effective dose equivalent rate, from external exposure, per unit concentration in air

dose equivalent rate to tissuc or organ T, from external exposure,

intake of radionuclide

kilogram (10° g)

minute; metastable; mass. or meter
megaBecquerel (10° Bqg)

million electron volts

micro- (107%)

microCurie

micron (107 meter)

modifying factors in definitions of dose equivalent
Quality factor in definition of dose equivalent

Relative Biological Effectiveness

source

second

specific effective energy
Sievert '
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per unit concentration in air



£ g -

WL
WLM
wr

yr

tissue; or target
lung clearance class (week)

week .

Working Level

Working Level Month

weighting factor in definition of effective dose
equivalent and committed effective dose equivalent

lung clearance class (year)

year




GLOSSARY

sbsorbed dose (D): The differential de/dm, where dé is the mean energy imparted b)" ionizing
radiation to matter of mass dm. The special SI unit of absorbed dose is the gray (Gy): the
conventional unit is the rad (1 rad = 0.01 Gy).

Activity Median Aerodynamic Diameter (AMAD}): The diameter of a unit density sphere with the
‘same terminal settling velocity in air as that of an aerosol particle whose activity is the median for
the entire acrosol. '

ALARA: As Low As Reasonably Achievable, economic and social factors being taken into account.

Annusl Limit on (formerly ‘of") Intake (ALI: The activity of a radionuclide which, if inhaled or
ingested alone by Reference Man, would result in a committed_dose equivalent equal to that of the

most limiting primary guide.

Becquerel (Bg): One nuclear disintegration per second; the name for the SI unit of activity. 1 Bq =
27 x 1071 Ci.

committed dose equivalent (Hr so): The total dose equivalent (averaged over tissue T) deposited over
the 50-year period following the intake of a radionuclide.

committed effective dose equivalent (Hr.s0): The weighted sum of committed dose equivalent to
specified organs and tissues, in analogy to the effective dose equivalent.

cortical bone: Any bone with a surface/volume ratio less that 60 cm? cm™>. In Reference Man, the
total mass of cortical bone is 4000 g. (Equivalent to “Compact Bone” in ICRP Publication 20)..

critical organ: For a specific radionuclide, solubility class, and mode of intake, the organ that
limited the maximum permissible concentration in air or water. The basis for dose limitation under

the 1960 Federal guidance.

_ Curie (Ci): 3.7 x 10'° puclear disintegrations per second, the name for the conventional unit of
activity. 1 Ci = 3.7 x 10'°Bq.
decay product(s): A radionuclide or a series of radionuclides formed by the nuclear transformation
of another radionuclide which, in this context, is referred to as the parent.

Derived Air Concentration (DAC): The concentration of a radionuclide in air which, if breathed
alone for one work year, would irradiate Reference Man to the limits for occupational exposure.
The DAC equals the ALI of a radionuclide divided by the volume of air inhaled by Reference Man
in a working year (i.., 2.4 x 10°m?).

derived limits: Limits, such as the ALI and DAC, that are derived from the primary limits through
use of standard assumptions about radionuclide intake and metaboljsm by Standard Man.
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dose equivalent (H): The product of the absorbed dose (D), the quality factor (Q), and any other
modifying factors (N).. The SI unit of dose equivalent is the sievert (Sv); the conventional unit is

the rem (1 rem = 0.01 Sv). .

" effective dose equivalent (Hg):: The sum over specified tissues of the products of the dose equivalent
in a tissue or organ (T) and the weighting factor for that tissue, wy, i.c, HE= T Wr Hr.
T

effective dose equivalent conversion factor (hsog): The committed effective dose equivalent per unit
intake of radionuclide.

exposure (internaly: The situation leading to intake of a radionuclide, and/or the situation existing
after a radionuclide has been deposited in an organ or tissue.

external radiation: Radiations incident upon the body from an external source.

. Federal Guidance: Principles, policies, and numerical primary guides, approved by the President, for
use by Federal agencies as the basis for developing and implementing regulatory standards.

Gray (Gy): The special name for the SI unit of absorbed dose. 1 Gy = 1 Joule kg~! = 100 rad.

half-life (physical, biological, or effective): The time for a quantity of radionuclide, i.c., its activity,
to diminish by a factor of a half (because of nuclear decay events, biological elimination of the
material, or both, respectively).

ICRP: International Commission on Radiological Protection.
ICRU: International Commission on Radiological Units and Measurements.
internal radiation: Radiation emitted from radionuclides distributed within the body.

ionizing Radiation: Any radiation capable of displacing electrons from atoms or molecules, thereby
producing ions. .

lung clearance class (D, W, or Y): A classification scheme for inhaled material according to its
clearance half-time, on the order of days, weeks, or years, from the pulmonary region of the lung to
the blood and the GI tract.

metabolic model: A mathematical description of the metabolic processes of cells, tissues, organs and
organisms. It is used here to describe distribution and translocation of radionuclides among tissues.

MIRD: Medical Internal Radiation Dose; a committee of the Society of Nuclear Medicine.

MPC: Maximum Permissible Concentration; replaced by the DAC for the concentration limit in
air, and no longer used for concentrations in water.

mucociliary pathway: Those portions of the respiratory tract lined with cilia that propel materials
toward the mouth.

NCRP: National Council on Radiation Protection and Mcasurements.

pon-stochastic effects: Health effects for which the severity of the effect in affected individuals
varies with the dose, and for which a threshold is assumed to exist.

NRC: Nuclear Regulatory Commission.
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. _ansformation: The spontaneous transformati
i 1on of one radi ide i : .
r into a different energy state of the same nuclide. radionuclide into 2 different nuclide

A\

rgan (dose) weighting factor: Factor indicating the relative risk of cancer inducti .
efects from irradiation of a given tissue or organ; used in calculation of eﬁ:fﬂctxon or h?redny
nd committed effective dose equivalent, and denoted w; by the ICRP ive dose equivalent

rimary limit: A numerical iimit on the annual or committed (effective) dose equival .
ie received by a worker or member of the general public, as set forth in the 1987 or 'i';;;h;t dma)'l
¢dera

-uidances.

Juality factor (Q): The principal modifying factor that is employed in deriving dose equivalent, H
rom absorbed dose, D; chosen to account for the relative biological effectiveness (RBE) of‘ th;
adiation in question, but to be independent of the tissue or organ under consideration, and of the
siological endpoint. For radiation protection purposes, the quality factor is determined by the
inear energy transfer (LET) of the radiation.

.ad: The name for the conventional unit for absorbed dose of ionizing radiation; the corresponding
31 unit is the gray (Gy); 1 rad = 0.01 Gy = 0.01 Jouie/kg.

Radiation Protection Guide (RPG): This formerly used term refered to a radiation dose limit which
sormally should not be exceeded.

-adioisotope, radionuclide: A radioactive species of atom characterized by the number of protons

- +ons in its nucleus.
.. _.ce Man: A hypothetical ‘average’ adult person with the anatomical and physiological

characteristics defined in the report of the ICRP Task Group on Reference Man (ICRP Publication
23). '

reference level: A predetermined value of a quantity (e.g.. a dose level), below a primary or derived
limit, that triggers a specified course of action when the value is exceeded or expected to be

exceeded.
rem: An acronym of radiation equivalent man, the name for the conventional unit of dose

equivalent; the corresponding SI unit is the Sievert; 1 Sv = 100 rem.

respiratory tract (lung) model: The model for behavior of particles in the respiratory tract of man:
the model of relevance here was developed by the Task Group on Lung Dynamics of the ICRP.

Sievert (Sv): The special name for the SI unit of dose equivalent. 1 Sv = 100 rem = 1 Joule per
kilogram. :
source tissue (S): Any tissue or organ of the body which contains a sufficient amount of a

radionuclide to irradiate a target tissue (T) significantly.

specific effective energy SEE(TS: The energy per unit mass of target tissue (T), suitably
modified by a quality factor, deposited in that tissue as a consequence of the emission of a specified
radiation (i) from a single nuclear transformation occurring in a source tissue (S).

st -<tic effects: In the context of radiation protection, radiation induced cancer or genetic effects.
bability of these health effects, rather than their severity, is a function of radiation dose. It
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is assumed that there is no dose threshold below which stochastic effects do not occur. (More
generally, stochastic means random in nature.)

surface-seeking radionuclides: Radionuclides that both deposit on and remain for a considerable
period on the surface of bone structure. To be contrasted with *Volume-seckers” that exchange for

bone mineral over the entire mass of bone.

target tissue (T): Any tissue or organ of the body in which radiation is absorbed.

teratogenic effects: Effects occurring in offspring as 8 result of insults sustained in-utero.

tissue dose equivalent comversion factor (br.so): the committed dose equivalent per unit intake of
radionuclide to the tissue or organ T.

trabecular bone: Equivalent to “Cancellous Bdne" in ICRP Publication 20, ie., any bone with a
surface/volume ratio greater than 60 cm? em™—>. In Reference Man trabecular bone has a mass of

1000 g.
Working Level (WL): Any combination of short-lived radon decay products in 1 liter of air that will
result in the ultimate emission of 1.3 x 10° MeV of alpha energy.

Working Level Month (WLM): A unit of exposure corresponding to a concentration of radon decay
products of 1 WL for 170 working hours (1 work month).

volume-seeking radionuclide: Sce surface-seeking radionuclide.
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